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General introduction
General introduction
Whiplash arouses interest since years and still poses a public health problem.The annual 
incidence of whiplash injury varies greatly throughout the world with rates as high as 13 
per 100.000 inhabitants in New Zealand1, 70 per 100.000 in Quebec2, 100 per 100.000 in 
Sweden3 and 94-188 per 100.000 inhabitants in The Netherlands.4 For an average practice 
of a general practitioner in The Netherlands of 2400 patients, this incidence value means 
about four or five new whiplash patients per year. The annual incidence of whiplash is 
rather high in the Netherlands compared with the other countries. Road traffic density, 
poor driving habits and social factors may explain parts of the differences.5 Whiplash 
patients who remain symptomatic and disabled constitute a major burden in health care 
and to insurers. The medical and socio-economical consequences of these patients are 
enormous.
In this chapter we introduce the definition of whiplash, biomechanics of the cervical spine, 
historical changes in health care and the prognosis, diagnosis, treatment of whiplash. In 
the last paragraph we present the general aims of the study and the outline of the thesis.
Definition of whiplash
Crowe6 first suggested the term whiplash at a research meeting in 1928 as an injury 
mechanism of sudden hyperextension followed by hyperflexion of the neck, and for a 
long time there has been no consensus on the definition of whiplash. Initially, different 
specialists in neurosurgery7 and orthopedics8 defined the whiplash injury and they em­
phasized on the more severe cases rather than the more common uncomplicated cases. 
This was perhaps one of the reasons why the term whiplash became associated with a 
severe injury.
The term whiplash was also used to describe the pathologies and various clinical mani­
festations as the consequence of the injury.910 Moreover, signs and symptoms have been 
designated as 'the whiplash syndrome'. Because of the variable definitions of whiplash 
in the literature, the members (scientific researchers and physicians) of the Quebec 
Task Force on Whiplash-Associated Disorders (QTF-WAD) were asked to define the term 
whiplash more clearly and they proposed the following definition of whiplash:"whiplash 
is an acceleration-deceleration mechanism of energy transfer to the neck that results 
from rear-end or side-impact motor vehicle collisions, but can also result from diving or 
other mishaps.The impact results in bony or soft-tissue injuries (whiplash injury), which in 
turn may lead to a variety of clinical manifestations called Whiplash-Associated Disorders 
(WAD)"2
The most commonly presented symptoms after an accident are neck pain (88-100%) 
and headache (54-66%). Other symptoms are neck stiffness, shoulder pain, arm pain/ 
numbness, paraesthesia, visual and auditory symptoms and dizziness.11 Whiplash patients 
can be classified according to severity of signs and symptoms.The QTF-WAD clinical clas­
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sification system consists of five levels: grade 0  indicates no complaint about the neck and 
no physical signs; grade 1 indicates neck complaints of pain, stiffness or tenderness but 
no physical signs; grade 2  indicates neck complaints and musculoskeletal signs (such as 
a decreased cervical range of motion or muscle tenderness); grade 3 indicates neck com­
plaints and neurological signs; and grade 4: neck complaints and fracture or dislocation. 
Symptoms such as dizziness, deafness, loss of memory and dysphagia may be manifest in 
any grade. 2 In this thesis we use the definition of whiplash according to the QTF-WAD.We 
focus on patients with WAD grades 1 and 2 because these patients are normally treated in 
primary care and represent the vast majority of whiplash patients.
Biom echanics of the cervical spine
There is a relatively good view of the kinematics of the cervical spine in rear-end car 
crashes based on cadaver studies or studies with healthy volunteers.1213 But, these studies 
cannot be easily extrapolated to real life collisions. In experimental in vivo settings, the 
rear-end impact pushes the person's torso from the seat back and moved forward and 
upward with backward rotation. This torso motion rotates the cervical vertebrae from 
the lowest vertebrae prior to the upper vertebrae causing the cervical spine to flex in the 
early phase (initial flexion). After this flexion position, segmental extension starts from 
the lowest motion segment and gradually transfers to the upper segments. During this 
process, the cervical spine is S-shaped (upper segments in flexion and the lower segments 
in extension) in the middle phase. At the end phase the cervical spine is full extended.1314 
In real car crashes factors such as the impact of the velocity, direction, occupant position, 
inclination of the seat back, head restraint distance, awareness of the crash and the flex­
ibility of the cervical spine can affect the cervical spine kinematics. Moreover, it is still 
unclear which injury mechanism may be responsible for the symptoms.
Historical changes in health care
Historically, health care was mainly based on biomedical models with pain as a signal of 
tissue damage and assumptions that serious tissue damage leads to high levels of pain 
and disability.15 Over the last decade, we have seen a change from biomedical models 
towards bio-psychosocial models. In the bio-psychosocial model the patient is seen 
as a system integrating biological, psychological and social dimensions.161718 This bio­
psychosocial model emphasizes the role of biological, psychological and social prognostic 
factors in the development and persistence of signs, symptoms and disabilities.19 
One of the theoretic principles of this thesis is that acute whiplash trauma may be associ­
ated with impairments in physical and mental functions (including pain), and disabilities. 
Different kinds of prognostic factors are assumed to influence the rate of recovery by a 
bio-psychosocial approach. Nevertheless, the mechanism of impairments and disabilities 
as a result of the injury and the role of psychological and social prognostic factors for 
whiplash are unclear.
12
General introduction
Diagnosis
Generally one assumes that biomechanical stress causing the whiplash injury does not 
yield beyond the normal maximal physiological threshold of connective tissue.20 As a 
result, in most patients with WAD grades 1 and 2, lesions in cervical muscles, ligaments, 
discs, vertebrae or nerves cannot be identified even when sophisticated imaging tech­
niques such as computer tomography (CT) or magnetic resonance imaging (MRI) are 
used.2122 23 However, symptoms due to impairments in physiological or mental functions 
may be present and are probably the main reason for visiting a physician or physiothera­
pist at an early stage. In the Dutch health care system, physiotherapy is accessible only 
after referral by a physician. Consequently, the physician is the first health care provider 
who sees the whiplash patient. As specific diagnostic tests for whiplash are not available, 
the diagnosis and classification of whiplash is based on history taking and physical exami­
nation.
Prognosis
Reports on the course of whiplash injuries show highly variable results, probably due to 
differences in study populations and definitions of outcome. According to Spitzer et al.2 
most patients recover quickly and completely, but according to Barnsley et al.10 a signifi­
cant proportion develop chronic and often intractable and disabling symptoms. Studies 
report that the incidence of chronic complaints (over 6  months) vary between 19% and 
60%1011'24,and 13% to 50% of the patients are absent from work for a long term or notable 
to perform their usual activities.225
Treatment
The efficacy of conservative interventions for patients with WAD is still under debate.2 
Various treatment options which cover a wide range of conservative care such as 
information/advice, medication, local heat and ice treatment, neck collar immobilisation, 
ultrasound, traction, massage, (active) mobilisation, manipulation, exercises, electromag­
netic therapy are used in primary care. However, little evidence has been found for their 
effectiveness. To advance clinical practice these widely used interventions should be 
assessed rigorously for their effectiveness. Therefore, a systematic review of clinical trials is 
performed and the results are used to start a randomised clinical trial (RCT) of evidence- 
based interventions in primary care.
Relevance of the thesis
The lack of evidence concerning conservative treatment and prognostic factors 
emphasises the relevance of this thesis. There is still little known about these aspects of 
whiplash.
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General aims and outline of the thesis
The general aim of this thesis is to gain insight into the effectiveness of a conservative 
treatment provided by general practitioners and physiotherapists for patients with WAD 
grades 1 and 2. Additionally, we aim to identify prognostic factors, which are associated 
with poor whiplash recovery.
Each chapter has been written as a separate paper.Chapter 2 presents a systematic review 
of clinical trials concerning the effectiveness of conservative treatment for patients with 
whiplash injury. Chapter 3 reports on a systematic review of prospective cohort studies, 
which analyses the level of evidence for several prognostic factors in whiplash recovery. 
Chapter 4 reflects the Dutch clinical practice guidelines to assist physiotherapists in 
decision making and to improve the efficacy and the uniformity of their care. In Chapter
5, we describe the design and treatment protocol of our RCT for general practitioner 
care and physiotherapy in patients with WAD grades 1 and 2, thereby using the available 
evidence of our systematic literature review.
Chapter 6  describes the short-term and long-term results of our RCT concerning the effec­
tiveness of physiotherapy and general practitioner care, and Chapter 7 presents the prog­
nostic factors associated with early delayed recovery and poor long-term outcome. As a 
consequence, these chapters may show some overlap. In the general discussion (Chapter 
8 ) some methodological and practical considerations are provided and the clinical impli­
cations of this thesis are given beside some recommendations for future research. Finally, 
a summary in English and in Dutch is presented.
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Systematic review o f effectiveness
Abstract
Study design. A systematic review of the literature.
Objectives. To assess the efficacy of conservative treatment in patients with whiplash 
injuries.
Summ ary of background data. Many treatments are available for patients with whiplash 
injuries, but there continues to be no evidence for their accepted use.
Methods. A computerized literature search of Medline, Embase, Cinahl, Psychlit and the 
Cochrane Controlled Trial Register was performed. Studies were selected if the design 
was a (randomized) clinical trial; if all patients had sustained a whiplash injury; if the type 
of intervention was a conservative one; if pain, global perceived effect and participation 
in daily activities were used as one of the outcome measures and if the publication was 
written in English, French, German or Dutch. The methodological quality was indepen­
dently assessed by two reviewers by using the Maastricht-Amsterdam list. Three quality 
scores were calculated using this criteria list: the Overall methodological Quality Score, 
the Internal Validity Score and the Delphi Quality Score.The conclusion of the review was 
based on articles that scored a quality score of at least 50% of the maximum available 
score on two out of three quality scores.
Results. Eleven studies met the inclusion criteria. Only three studies satisfied at least 50% 
on two out of three ways of calculating a quality score, indicating overall poor method­
ological quality.There was a high rank correlation among the three ways of calculating a 
quality score. No statistical pooling was performed due to the heterogeneity of the inter­
ventions. This review indicates that active treatments show a beneficial long-term effect 
on at least one of the primary outcome measures.
Conclusion. Caution is needed when drawing a valid conclusion on the efficacy of con­
servative treatments in patients with whiplash injuries. It appears that 'rest makes rusty', 
whereas active interventions have a tendency to be more effective in patients with 
whiplash injury.
Key words: conservative treatment, efficacy, neck sprain, physiotherapy, randomized 
clinical trial, systematic review, whiplash.
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Introduction
For a long time there has been no consensus on the definition of whiplash. The term 
whiplash was used to describe a mechanism of injury, the injury itself, the various clinical 
manifestations as a consequence of the injury, and signs and symptoms designated as 
'the whiplash syndrome'. In 1995 the Quebec Task Force on Whiplash Associated Disorders 
(WAD) adopted the following definition of whiplash: whiplash is an acceleration-decel- 
eration mechanism of energy transfer to the neck. It may result from rear end or side- 
impact motor vehicle collisions, but can also occur during diving or other mishaps. The 
impact may result in bony or soft-tissue injuries (whiplash-injury), which in turn may lead 
to a variety of clinical manifestations called Whiplash-Associated Disorders.33 By using 
WAD, patients with whiplash injury can be classified according to severity in signs and 
symptoms and duration. Nevertheless, there's still potential vagueness in the definition.7 
Research 2719'30 has shown that the most common symptoms observed after an acute 
motor vehicle collision are neck pain (88-100%) and headache (54-66%). Other symptoms 
are neck stiffness, shoulder pain, arm pain/numbness, paraesthesia, weakness, dysphagia, 
visual and auditory symptoms and dizziness. The hypothesis for the mechanisms that 
cause an organic lesion after an injury and the clinical manifestations of the injury are not 
widely accepted.23 One group has stated that the main problem of the whiplash injury is 
that organic lesions and/or musculoskeletal signs do not explain (prolonged) symptoms 
and disabilities in daily activities.34
The incidence of whiplash injury varies greatly in different parts of the world, with rates 
as high as 70 per 100.000 inhabitants in Quebec 33, 106 per 100.000 in Australia 24 and 94-
188 per 100.000 inhabitants in the Netherlands.39There is no agreement in the literature 
about the natural course and epidemiology of the whiplash injury. 2'713'33 The statement 
of the Quebec Task Force on WAD that whiplash injuries have a favorable prognosis and 
their conclusion that 87% and 97% of patients recover from their injury at 6  months and 
12 months after the vehicle collision is questionable.TheTask Force defines'recovered'as 
cessation of time-loss compensation. Whether these patients still had pain or discomfort 
and needed medical care was not reported. 714 Harder et al. found that 1 year after the 
vehicle collision 3.0% of the subjects in Quebec had not recovered and had chronic com­
plaints.14 These authors also measured recovery by length of time between the date of 
the collision and the last date of compensation. It is remarkable that the maximum time 
of compensation in the United States is one year. A review contradicted the Quebec Task 
Force's conclusions and those of Harder et al that whiplash injuries are short lived.2 In the 
review, the authors concluded that between 14 and 42% of the patients with whiplash 
injury had chronic complaints, and that 1 0 % of those had constant severe pain.
20
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The efficacy of conservative interventions for patients with WAD is still under debate. 133 
Recently, much research has been undertaken to determine the effect of various treatment 
options covering a wide range of conservative care, including local heat and ice treatment, 
neck collar immobilization, ultrasound, traction, massage, (active) mobilization, exercises, 
pulsed electromagnetic therapy, multimodal rehabilitation etc. However, there is little 
evidence for their'accepted'use.Therefore, it is important to assess the efficacy of widely 
used interventions and thus improve clinical practice. Moreover, evidence should be an 
integral component of decision making in clinical practice.The need for evidence-based 
guidelines for patients with whiplash injury was the rationale for this systematic review. 
The primary question was what types of conservative treatments would be effective in 
patients with whiplash injury rated WAD grade 1 or 2 regarding pain, global perceived 
effect or participation in daily activities?
The purpose of this study was to review the literature systematically to analyze the efficacy 
of conservative treatment options for patients with whiplash injury. The methodologic 
guidelines of the Cochrane Back Review Group 35 were followed, and the checklist of the 
QUuality Of Reporting Of Meta-analyses (QUORUM) statem ent26 was used to report the 
systematic review.
Methods
Literature searching
The Medline database was searched from 1966 through June 1998, the Cinahl from 
1982 through June 1998, Embase and Psychlit from 1988 through June 1998, and the 
database of the Dutch Institute of Allied Health Professions from 1987 through August 
1998.The Cochrane Controlled Trial Register was searched, and reference lists of relevant 
randomized clinical trials (RCT's) and controlled clinical trials (CCT's) were checked to 
identify additional published research not found in the computerized bibliographic 
databases.
Keywords and Medical Subject Headings used to describe the design were 
randomized clinical trial, randomized controlled trial, clinical trial, controlled study, 
random allocation and the use of the terms efficacy, effectiveness or effect in the title 
or in the abstract. Keywords used to identify the study population were whiplash, neck 
sprain, neck injury and keywords to identify the interventions were therapy, treatment, 
intervention, management, conservative intervention, physical therapy, physiotherapy, 
cognitive therapy, psychological therapy, behavioral therapy, health education.
First titles and abstracts of identified published articles were reviewed to determine the 
relevancy of the articles.The search was independently conducted by two reviewers (APV 
and GGMP).
21
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Table 1. Criteria list for methodologic assessment of randomized clinical trials.
Patient selection
A. Were the eligibility criteria specified?! Yes/ No/ Don't know
B. Treatment allocation
1 .Was a method a randomization performed?*! Yes/ No/ Don't know
2. Was the treatment allocation concealed?*! Yes/ No/ Don't know
C. Were the groups similar at baseline regarding the most important 
prognostic indicators?!
Interventions
Yes/ No/ Don't know
D. Were the experimental and control interventions explicitly 
described?
Yes/ No/ Don't know
E. Was the care provider blinded to the intervention?*! Yes/ No/ Don't know
F. Were co-interventions avoided or comparable?* Yes/ No/ Don't know
G. Was the compliance acceptable in all groups?* Yes/ No/ Don't know
H. Was the patient blinded to the intervention?*! 
Outcome measurement
Yes/ No/ Don't know
1. Was the outcome assessor blinded to the intervention?*! Yes/ No/ Don't know
J. Were outcome measures relevant?* Yes/ No/ Don't know
K. Were adverse effects described? Yes/ No/ Don't know
L. Was the withdrawal/drop-out rate described and acceptable?* Yes/ No/ Don't know
M. Timing follow-up measurement
1 .Was a short-term follow-up measurement performed? Yes/ No/ Don't know
2. Was a long-term follow-up measurement performed? Yes/ No/ Don't know
N. Was the timing of the outcome assessment in both groups 
comparable?*
Statistics
Yes/ No/ Don't know
0 . Was the sample size for each group described? Yes/ No/ Don't know
P. Did the analysis include an intention-to-treat analysis?*! Yes/ No/ Don't know
Q. Were point estimates and measures of variability presented for the 
primary outcome measures?!
Yes/ No/ Don't know
* Interval validity items according to van Tulder et al.35 in order to calculate the Internal Validity Score 
t  Delphi items according to Verhagen et a l.36 in order to calculate the Delphi Quality Score
22
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Selection
An article was retrieved if it met all of the following criteria: (1) the design was a (random­
ized) clinical trial; (2 ) the study population included patients who had a whiplash injury 
classified as a WAD; (3) the type of the intervention was a conservative one (defined as any 
non-invasive, non-surgical form of treatment; drug treatments were excluded); (4) pain, 
global perceived effect and participation in daily activities had to have been used as one 
of the outcome measures (these outcome measures are chosen with reference to the main 
whiplash problem 934and by considering outcome measures that could be influenced by 
treatment); and (5) the publication had to be written in English, French, German or Dutch. 
No restriction was made regarding the time of onset from the vehicle collisions up to the 
moment of randomization. All criteria were applied independently by two reviewers (APV 
and GGMP) to the full text of the articles that had passed the first eligibility screening, to 
make a final selection of the studies for the review.
Validity assessment
The methodologic quality of the studies was independently assessed by two reviewers 
(GGMP and RAdB). A pilot assessment of one RCT, which was not included in the study, 
was conducted to test the criteria list and the operationalization of the criteria list (see 
Appendix). No changes in the list were applied after the pilot test. The assessment was 
not performed under masked conditions for feasibility reasons; there is no consensus 
whether assessment should be performed with reviewers blinded for authors, institu­
tions, journal, publication year and results.20 All studies were scored according to the 
Maastricht-Amsterdam consensus list (Table 1).This list has already been used in number 
of systematic reviews in the field of physiotherapy.35 In case of any disagreement between 
the two reviewers, a consensus method was used to discuss and solve the disagreement. 
When disagreement persisted a third reviewer (APV) made the final decision.
The Maastricht-Amsterdam criteria list was developed by the Cochrane Collaboration 
Back Review Group.35 The list consists of 19 items. All items have a 'yes'/ 'no'/ 'don't know' 
answer option. If bias was unlikely the criterion was rated positive. In case information was 
lacking or insufficient or if bias was likely, the criterion was rated negative. The interob­
server reliability of the overall quality assessment was derived by Kappa statistics because 
of dichotomous values. Equal weights were applied, resulting in a maximum score of 19 
points for the overall methodologic quality score (Overall QS).The validity of calculating 
quality scores is questionable. Some have stated that the most important dimension of 
methodologic quality is internal validity, and that a quality score should consist of only 
an addition sum of internal validity items.20 Internal validity is defined as the confidence 
that the trial design, conduct, analysis and presentation has minimized biases in its inter­
vention comparisons.25 Others disagree and recommend assessing quality by focusing on 
several methodologic aspect, from the design to the reporting.36 Because of the different
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possible definitions of quality and its important effect on the results of the review, the 
current authors decided to calculate three different quality scores out of the Maastricht- 
Amsterdam list; an Overall methodologic QS (Overall QS) by summing up all items rated 
positive; an Internal Validity Score (Internal VS) summing up the positive items pointed out 
by van Tulder et al.35 as items concerning the internal validity; and a Delphi Quality Score 
(Delphi QS) summing up the positive items of the Delphi list.36 The Internal VS differed 
from the others, because it scored only one point if both B1 and B2 were rated positive.35 
The Spearman rank correlation coefficient between the different quality scores was calcu­
lated, and a correlation coefficient (r) greater than 0.8  was determined to be a high level 
of correlation.
Data analysis
In this review, the authors refrained from statistical pooling because of suspected hetero­
geneity in patient selection, interventions, outcome measures and study quality. Quality 
assessment was used so that the conclusion would be based on studies with 'acceptable 
validity'. A study was (arbitrarily) considered as 'acceptable validity' if it satisfied at least 
50% of the maximum available scores on two out of three ways of calculating a quality 
score. Other studies were thus considered 'unacceptable validity', because of poor quality. 
In the QUORUM flow diagram, the progress through the stages of the systematic review 
regarding inclusion and exclusion of trials is presented.
Results
Selection of studies for quality assessment
Initially, 10 RCT's and 2 CCT's were identified by the two reviewers (APV and GGMP) as 
meeting the inclusion criteria. 4,6,10,11,12,15,16,18,22,23,2829 After the first eligibility screening, one 
article was independently excluded by both reviewers. It concerned a sample of patients 
with soft tissue injuries, not specifically a whiplash injury.6 Consequently, 11 articles were 
included in the systematic review for quality assessment.4'1011'12'15'1618'22'23'2829
M ethodologic quality
The initial interobserver reliability of the overall methodologic quality assessment (Kappa 
= 0.62) was substantial.21 Disagreement occurred mainly because of reading errors and 
differences in interpretation of the methodologic criteria list. After the consensus meeting, 
no disagreement persisted.The third reviewer was not called to make a final decision.The 
results of the methodologic assessment are presented in Table 2.
The assessments of quality resulted in a hierarchical list in which higher scores indicate 
higher methodologic quality.
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The Overall methodologic QS ranged from 4 to 15 (m ax= 19),and five studies scored 50% 
of higher.4101216'29 The median score was 9 points, which corresponds with a 47% score, 
indicating an overall poor methodologic quality.The Internal VS ranged from 2 to 8 (max = 
10), and two studies scored 50% of higher.12 29The median score was 4.This corresponded 
with a 40% score. Finally, the Delphi QS ranged from 1 to 6 (max = 9). Four studies scored 
50% or more 412'23'29 and the median score was 4 points, which corresponded with a 44% 
score.
In Table 3 the Spearman's r between the Overall methodologic QS, Internal VS and Delphi 
QS is shown. There was a high rank correlation between the three different ways of 
calculating quality.
The Spearman's correlation coefficient varied from r = 0.82 between the Overall 
methodologic QS and the Internal VS to r = 0.91 between the Overall methodologic QS 
and the Delphi QS.
Table 3. Spearman's r correlation coefficient between Overall methodologic QS, Internal VS and Delphi QS 
(n=11).
Spearman's r Overall QS Internal VS Delphi QS
Overall QS 1 0.82* 0.91*
Internal VS 0.82* 1 0.86*
Delphi QS 0.91* 0.86* 1
* correlation is significant at the 0.01 level
Flow diagram
Figure 1 shows the flow diagram, from the selection of potentially relevant trials to the 
trials finally selected in the systematic review on which the conclusion was based. The 
methodologic quality of 11 trials was assessed. Eight trials were excluded because of 
'unacceptable validity'.10'11151618'22'23'28 Three trials had 'acceptable validity' and were 
included.412'29
The most prevalent shortcomings of the trials were: no description or insufficient descrip­
tion of the person performing the assignment allocation (B2; letters refer to Appendix); no 
attempts to blind the care provider (E); no measures taken to avoid cointerventions or to 
present data of given cointerventions (F); no measurement of compliance or no adequate 
description of the experimental and the control intervention (G); no attempts to blind the 
patients to treatment group (H);and no report of adverse effects for the experimental and 
the control intervention (K).
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Potentially relevant trials identified and screened for retrieval (n = 1 2
I
Trial retrieved for more detailed evaluation (n = 1 )
I
Trials excluded w ith reason (n = 1 )
I
Potentially appropriate trials to  be included in the system atic review (n =  11 )
I
Trials included for quality assessment in the systematic review (n =  11 )
I
Trials excluded for conclusion because of "unacceptable validity" (n = 8 )
I
Trials selected for conclusion because of "acceptable validity" (n = 3 )
Figure 1. Flow diagram from selection of potentially relevant trials to selected trials for conclusion.
In all studies except one,15 the allocation procedure was described as randomized.Terms 
such as random and randomization were used. Most investigators failed to describe which 
method of randomization was used.410121618'29 In one study, investigators used the word 
random, but the treatment allocation could not be regarded as appropriate,.28 because it 
was based on casualty number.The allocation procedure by Gennis et al.15 also was based 
on medical record numbers and thus was potentially flawed.Therefore, these trials were 
classified as CCT's.15 28
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!» Table 4. Characteristics of the included trials.
First author Trial Participants Interventions (number of Outcome Results* (p-values <0.05 were Conclusion t
(year) design randomized patients) measures considered significant)
Borchgrevink4 RCT Acute neck sprain injury caused All patients: instructions for neck Subjective Significant reduction of Positive
1998 by private-car accident with exercises,nonsteroidal anti-inflam- symptoms symptoms (pain, stiffness,at­
material damage;(n=201) matory for 5 days Pain during tention, memory), pain during
No bus or large vehicle ac­ E.Act as usual (no sick leave or col­ activities activities at 6 months for E.
cidents; no fractures, signs of lar) (n=96) ROM No significant difference in ROM
nerve root compression, concus­ C.Rest and immobilization for 14 Global impro­ and feeling of global improve­
sion or other head trauma days with a cervical collar (alterna­
tely 2 hrs on and 2 hrs off during the 
day and continuously during the 
night) (n=105)
vement 
Sick leave
ment at 6 months
No differences in amount of sick
leave
Fialka10 RCT Whiplash injury (5-10 days); El.M iddle frequency (50 Hz,one Pain Significant improvement in pain Negative
1989 (n=60)
No neurologic and x-ray 
symptoms
electrode cervical one thoracal) 15 
min, twice a week, 5w ks(n=15) 
E2.Iontophoresis mobilat -gel:(0.1
Cervical ROM for E1,E2,C (except headache in 
11) and ROM at 5 wks
mA/cm2 cathode cervical anode 
sternum)20 min, twice a week, 5 
wks (n=15)
E3.Combination therapy: traction, 
exercise, massage, twice a week, 5 
wks (n=15)
C.No treatment (n=15)
Fitz-Ritson" RCT Pain/soreness/stiffness of the All patients:chiropractic treatment NeckPain Significant improvement in disa- Positive 
1995 cervical musculature with sports E. Phasic neck exercises (n=15) Disability bilities at 8 wks for E
or activities at 12 wks after a C. Rehabilitation exercises (n= 15) Index 
vehicle accident; (n=30) Each group exercises for 8 wks, 5
times a week
Foley-Nolan12 RCT Acute whiplash-injury (<72 h) All patients:collar 8 hrs per day, 12 Pain Significant improvement in pain Positive
1992 rear end collision; (n=40) weeks, anti-inflammatory analge- Cervical ROM for E at 2,4 wks; no significant
No active inflammatory, infec- sics, advice neck mobilization hourly Analgesic differences at 12 wks
tive, neoplastic or metabolic E.Soft collar with active pulsed elec- consumption No significant differences in AC
bone diseases; no cervical tromagnetic therapy (PEMT): mean Global per- and ROM at 2,4 wks and 12 wks
fractures, loss of consciousness power 1.5 milliWatts/cm2, 27 MHz, ceived effect for AC; significant improvement in
or impaired reflexes burst pulse width 60 microsec and ROM at 12 wks for E
frequency 450 per sec (n=20) Significant difference in global
C.Soft collar with dummy PEMT perceived effect for E at 4 wks; no
(n=20) significant difference at 12 wks
Gennisl5 1996 CCT Neck pain (<24 h) after vehicle All patients:rest and analgesics Pain No significant difference in de- Negative
crash; (n=250) E.Soft cervical collar;as much as gree of pain or recovery at >6 wks
No fractures, dislocations, tolerable for the first two weeks (n=
central- or peripheral neurologi- unclear)
cal diseases,hospitalization,or C.No treatment (besides standardi-
impaired cognitive functions zed co-intervention) (n= unclear)
Giebel16 RCT Whiplash-injury caused by car E l. Physiotherapy: ice 10 min, Pain Significant improvement in state PositiveEl
1997 accident, with headache, neck- cervical mobilizations, traction, Stateof of health and pain for El at 2 wks;
or shoulder pain within 3 days; strengthening and proprioceptive health no significant difference at 12
(n=97) healthy persons; (n=50). exercises, 3 wks, three times first Days off work wks;correspondending C.
No M.Bechterew, polyarthritis, week, two times the second and Costs Mean days off work group El:
fracture, luxation or operation of third week (n=47) 12.6; group E2:15.0.
the cervical spine; no bed-rid- E2. Immobilization with cervical col- Less costs for E2
den, no neurological diseases; lar (except at night) 3 wks (n=50)
no regular medication use C.No treatment (n=50)
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o  Table 4. Characteristics of the included trials - continued
First author 
(year)______
Trial
design
Participants Interventions (number of 
randomized patients)
Outcome Results*(p-values <0.05 were Conclusion t 
measures considered significant)
Hendriks18
1996
RCT
McKinney2-
1989
RCT
Mealy21
1986
RCT
Pennie28 1990 CCT
Acute whiplash injury (<72 h), 
referred for physiotherapy with 
pain and restricted cervical ROM; 
(n=16).No contra-indications 
for ultra-reiz or ice; no past his­
tory of neck trauma or cervical 
spondylosis; no pre-existing 
cervical changes; no fracture 
cranio-mandibular, no drugs, no 
neurological signs 
Acute (<72h) flexion-extension 
necksprain;(n=170)
No fractures or dislocations; 
no previously symptomatic 
degenerative diseases and no 
previous whiplash injury
Acute whiplash injury; (n=61 ) 
No cervical fractures
Soft tissue injuries of the neck; 
(n=135)
All patients: ice, home exercises and Pain 
advice; 5 times within 7 days Cervical ROM
E. Ultra-reiz current 15 min (two 
electrodes paravertebrally C4-T3, 
intensity comfortable'tingling' 
sensation) (n is unclear)
C.No treatment (besides standardi­
zed co-intervention) (n is unclear)
All patients:a soft collar and anal- Pain 
gesia Cervical ROM
E1. Physiotherapy (hot and cold 
applications, short-wave diathermy, 
hydrotherapy, traction, active 
and passive McKenzie & Maitland 
mobilizations); 3 times a week,6 
wks (n=71)
E2.Mobilization advice;once (n=66)
C.Rest for 10-14 days and general 
advice;once (n=33)
All patients:analgesic 
E. Active treatment: ice in first 24 
hours, neck mobilization (Maitland), 
daily exercises, heat (n=31);
C.Soft cervical collar, rest for two 
weeks,education (n=30)
E.Traction (intermittent 5.4 kg, 10 Pain 
min different positions),exercises, Cervical ROM 
education; twice a week (n=61) Time off work 
C.Two weeks rest in a soft collar 
after active exercises (n=74)
Significant improvement in pain Positive 
relief and ROM for E post treat­
ment and 15 min after treatment 
(except for right and left rotation 
post treatment and right side- 
flexion 15 min post treatment).
No significant differences at 6 wks 
(except right and left rotation and 
pain relief for E)
Significant improvement in pain 
intensity and cervical ROM for El 
and E2 at 1 and 2 months compa­
red with group C; no differences 
between El and E2.
Positive E l, E2
Pain Significant improvement in pain
Cervical ROM intensity and cervical ROM for E 
at 4 and 8 weeks
No significant differences in pain 
improvement and ROM between 
the groups at 6 to 8 wks and 5 
months
No difference in time off work
Positive
Negative
Provinciali25 RCT Cervical acceleration-decelera- 
1996 tion injury from a car accident;
regular job performance before; 
(n=60).No infective, neoplastic, 
metabolic or inflammatory bone 
disease; no X-ray evidence; no 
symptoms exaggeration for 
enhancing financial reward
All patients:muscle relaxants,anal- Pain 
gesics and a soft cervical collar the Cervical ROM 
first two wks Self-rating
E. Multimodal treatment: relaxa- scale of treat- 
tion training, postural training, ment efficacy 
psychological support (Radanov), Return- to- 
eye fixation exercises (Shutty) and work delay 
manual treatment (n=30)
C. Physical agents:TENS, PEMT 
(Foley-Nolan), ultrasound (1.5 Watt/ 
cm2) and calcic iontophoresis with 
calcium chloride (n=30). All patients 
10 sessions over a two week period.
Significant differences in pain and Positive 
self assessment for E on the end 
of therapy, 1 and 6 months. Signi­
ficant difference in mean value of 
delay for E.
No significant differences in ROM
Abbreviations: RCT= Randomized Controlled Trial; CCT= Controlled Clinical trial; E= experimental group; C= control group; ROM= range of motion; AC = Analgesic 
consumption; PEMT=pulsed electromagnetic therapy; TENS=transcutaneous electrical nerve stimulation;
* reported results according to the authors; t  positive if treatment with experimental intervention is significantly more effective than control treatment with respect to 
the main outcome measures of the review (pain, global perceived effect or participation in daily activities) based on the authors conclusions (a=0.05).
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Study characteristics
Table 4 gives a short description of the study design, participants, intervention, outcome 
measures, reported results, and conclusion based on the authors results. A study was 
judged to be positive if the investigators concluded that the experimental treatment was 
more effective than the control treatment. Usually, this meant that the difference in effect 
for at least one of the primary outcome measures (pain, global perceived effect and par­
ticipation in daily activities) was significant at the 5% level. In a negative study, the inves­
tigators reported no differences between the study treatments or more favorable results 
for the control treatment.The studies are presented in alphabetical order by first author.
The studies varied considerably in inclusion and exclusion criteria. Other factors, such as 
previous whiplash injury, history of headaches or neck pain before the crash, employ­
ment status, and type of collision, varied as well. In the literature, these factors are seen 
as important prognostic factors and are associated with a delayed recovery.717'33'34 In one 
study, no prognostic factors were described at all.28
The trials concerned different types of interventions, ranging from immobilization with 
a soft cervical collar to early active mobilization, pulsed electromagnetic therapy (PEMT) 
and multimodal treatment. Often, a combination of interventions was compared with 
another combination of control interventions. Intensity of the intervention was often not 
described.41128 The outcome measures that were used changed in time from pain and 
cervical range of motion to pain and days off work or state of health.
In five studies, a period of rest and a soft cervical collar were compared with a more active 
treatm ent.416'22'23'28 Four of these studies reported a negative result of rest, and these 
authors promoted activity.416'22'23 However, in one study, no differences in pain were found 
between the different interventions.28 This study was among other things hampered by 
an incorrect allocation procedure. It is noteworthy that both studies with an inappropri­
ate allocation procedure (CCT's) showed negative outcomes regarding the experimental 
intervention.1528
Efficacy of trials w ith'acceptable validity'
Three studies were considered of 'acceptable validity'.412'29 First, Foley-Nolan et al.12 
reported positive effects regarding the efficacy of PEMT on pain and global perceived 
effect in patients (n = 40) with an acute whiplash-injury (< 72 hours) at 2 and 4 weeks. At 
the end of the intervention period at 12 weeks, no significant effects remained. However, 
the groups were not comparable at baseline with respect to previous whiplash injury; 20% 
of the patients in the experimental group versus 5% of the patients in the control group 
had previous whiplash injury.The results indicated a decline of effects ending in similarity 
between both the groups at the end of the intervention period at 12 weeks.12 
In the second article 29, the investigators compared multimodal treatment with different
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physical agents in patients (n = 60) within an average score of 30 ± 17.4 from whiplash 
injury (range, 16-60). This study reported a positive effect of multimodal treatment at 
short- and long-term follow-up on pain and global perceived effect. Return-to-work delay 
was used as an outcome measure for participation in daily activities. The mean value of 
delay was significantly less in the multimodal treatmentgroup (38.4 ± 10.5) compared to 
the controlgroup (54.3 ± 18.4).The investigators recommend a multimodal treatment for 
late whiplash syndrome.The multimodal approach makes it difficult to identify the (most) 
effective components of the treatment.
The third article was a study conducted by Borchgrevink et al.4 They studied the long 
term effects (6 months) of two different treatments during the first 14 days after the car 
accident. Patients in the intervention group (n = 96) were encouraged to act as usual 
(continue to engage in their normal preinjury activities),and patients in the control group 
(n = 105) were given time off from work and were immobilized with a soft collar. At 6 
months there was a significant reduction of symptoms in both groups, but there was a sig­
nificantly better outcome for the'act-as-usual group'in pain and stiffness.These authors 
concluded that instruction to act as usual at the first consultation may encourage patients 
to participate in normal life activity.4
Discussion
The methodologic quality of the majority of the trials was disappointingly low. Only three 
articles received more than 50% of the maximum available quality scores on at least two 
of the three ways of calculating a quality score. Regarding the influence of different scales 
used to assess quality and the effect on the conclusion of the systematic review 25 three 
different quality scores were used from the Maastricht-Amsterdam list in an attempt to 
avoid having the conclusion depend on how quality was assessed. In this review, the 
Spearman's rank correlation coefficient between the Overall QS, Internal VS and de Delphi 
QS was high. On the one hand, the methods of calculating quality scores yielded similar 
results when applied to the studies. On the other hand, all quality scores were calculated 
from the same list, which could have predisposed a high correlation. For future studies the 
authors recommend the use of the Delphi QS for several reasons: first, and most important, 
similar results are obtained by using a 9-item scale instead of a 19-item scale or a 11-item 
scale. Second, methodologic flaws cannot be compensated as easily in the Delphi QS as 
in the Overall methodologic QS when the scores of each item are combined into a single 
methodologic quality score.Third, the Delphi QS provides information about the internal 
validity, the external validity and quantitative aspects of the study.
All studies had no (to describe) concealed treatment allocation procedure, although 
this is considered to be of the utmost importance.26 In trials in which concealment was
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unclear, treatment effect can be overestimated.31 Even when an adequate randomiza­
tion procedure has been used, there is no guarantee of equal distribution of prognostic 
factors and confounding variables among the groups, particularly when the sample size is 
small.38 The groups were comparable for relevant prognostic factors in 6 studies. Further­
more, blinding of care providers and patients was absent in 10 studies. Blinding is of great 
importance in obtaining unbiased reporting of effects.31 In most studies blinding can be 
established by keeping the therapist or the patient unaware of the treatment given or 
unaware of the other type of treatment. Also, few attempts were made to blind the thera­
pists or the patients with respect to the interventions. In studies with difficulties to blind 
patients or therapists the authors recommend keeping the patients unaware of the other 
treatments.
This review was focused on three primary outcome measures: pain, global perceived 
effect, and participation in daily activities. Pain was used as an outcome measure in all 
studies. In early studies the main measures of effect were physical outcome measures: 
pain and cervical range of motion (ROM). However, in studies reported after 1995 mea­
surements such as time absent from work and state of health are used as well. Similar to 
other physical disorders (e.g., non-specific low back pain) outcome measurement should 
be seen in multidimensional terms. Psychological and social factors have been shown 
to have consequences for mental state and quality of life.3237 This broader perspective 
introduced the biopsychological model in the medical world. In the biopsychological 
model, the focus is not on pain alone but also on disabilities in daily activities and coping 
with pain.The outcome of treatment is not only to relieve pain but also to help patients 
to go on with their normal lives. Individual beliefs and psychological distress may have 
their influence on pain and disability and the way patients respond to treatment.5'937 
Therefore, the authors conclude that aspects such as patients' beliefs, coping strategies, 
locus of control, and disability in activities of daily living should also be measured. Beside 
physical outcome measures, the authors recommend that future studies use psychologi­
cal and social outcome measures. Reliable, valid and responsible assessment tools such 
as psychosocial questionnaires and general disability questionnaires can provide useful 
information.
Given the unknown natural course of the whiplash injury with the different percentages 
of chronic complaints and problems in daily activities, a trial should have a follow-up of at 
least 3 months but preferably 12 months or longer. Only 5 out of 11 studies41216'28'29 had 
a follow-up measurement at 3 or more months and 4 studies reported a positive long­
term result of the intervention on pain measurement.41216'29 For future trials, the authors 
recommend measuring, in addition to pain, effect on activities of daily living and coping 
strategies at 12 months after injury.
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The value of this review depends on the success in obtaining all RCT's that pertain to the 
primary question.There are indications that small clinical trials with negative results are 
not as easily published as positive trials.8 Furthermore, relevant studies which are inserted 
into unknown databases or are difficult to locate and/or to retrieve may not have been 
included. Thus, publication bias could be a threat to the validity of this review. The re­
striction on language of publication may also have resulted in bias. Language-restricted 
reviews as compared to language-inclusive ones may overestimate treatment effects.26
Another source of bias may be created by relying on the information in the written report. 
The problem is that a trial with a biased but well reported design could be judged as 
having a high quality, whereas a well-designed but poorly reported trial could be judged 
as having low quality.
Another potential source of bias may be the broad inclusion criteria used; patients 
with whiplash injury rated WAD grades 1 and 2 in whom duration of the disorders was 
described. No strict definition of whiplash was used, because until recently there has been 
no agreement on its definition, and most of the articles did not describe what was meant 
by the whiplash injury.To get a more homogeneous population, patients with whiplash 
injury with neurological signs and/or fractures or dislocations (WAD 3 and 4) were 
excluded. The time interval between injury with WAD and inclusion in the trial ranged 
from 24 hours15 to 12 weeks.11 Although some investigators did not describe duration of 
the disorder exactly.2328 Mealy et al.23 included patients with 'acute'whiplash injury and 
Pennie and Agambar28 included all patients who sustained whiplash injury over a 20-week 
period. In most studies, the setting of recruitment was the accident and emergency de­
partment of a hospital. In one study, patients were recruited from chiropractic centers.11 
Moreover, the exclusion criteria varied considerably among the studies. These broad 
selection criteria have increased the risk for heterogeneity and have made the interpreta­
tion of the results more difficult.
The authors decided that it was not clinically relevant to pool the results of the trials, either 
as a total or in subgroups, because of the small number of included studies, the poor 
quality of these studies, and the various study characteristics, interventions and outcome 
measures. A qualitative analysis was performed and the conclusion was based on studies 
with an arbitrary chosen threshold. The methodologic criteria used were strict and easy 
to apply. To provide a reproducible quality assessment the authors have presented the 
results in Table 2.
In conclusion, the methodologic quality of the studies was low.lt is difficult to draw a valid 
conclusion on the efficacy of conservative treatment in patients with whiplash injury. 
Available knowledge indicates beneficial long-term effect on at least one of the primary 
outcome measures: pain, global perceived effect and participation in daily activities for 
active treatments.429 A cautious conclusion may be drawn that 'rest makes rusty; and
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active interventions may have a tendency to be more effective in patients with whiplash 
injury. Practitioners should encourage patients to return to their usual activities. In clinical 
reasoning the results of this review can help practitioners in decision making. Further, 
well-designed trials are needed to draw valid conclusions about the efficacy of these 
active treatments.
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Appendix 1: Operationalization of the criteria list
Patient selection
A. To be scored 'yes', patients must be rated as WAD 1 and 2 (neck complaint of pain, stiffness or 
tenderness and/or musculoskeletal signs like decreased range of motion or point tenderness 
as the result of a whiplash-injury without neurological signs and/or fractures or dislocations) 
and the duration of the disorder must be described appropriately.
B1. A random (unpredictable) assignment sequence.To be scored as'yes', the terms random and 
randomization must be used (but methods of allocation using date of birth, date of admission, 
hospital numbers or alternatives should not be regarded as appropriate).
B2. Assignment generated by an independent person not responsible for determining the eligibil­
ity of the patients.To be scored 'yes'this person:
• must have no information about patients included in the trial;and
• must have no influence on the assignment sequence or the decision about eligibility of the 
patients.
C. To be scored'yes', groups must be comparable for the relevant prognostic variables (score'yes' 
when at least 3 of 6 are described):
• baseline scores for primary outcome measures (pain, global perceived effect, participation in 
daily activities; at least 1 of 3 have to be described);
• preexisting headache or neck pain
• previous head injury or whiplash-injury;
• age;
• sex;
• pre-existing participation problems in work or housekeeping or sport or social activities. 
Interventions
D. Adequate description of (score'yes'when at least 3 of 5 are described for both the experimen­
tal and the control intervention; if more than two types of interventions are compared, take 
only two of them):
• type of the intervention;
• intensity of the intervention;
• duration and site of each treatment session;
• frequently of treatment sessions; and
• total number of treatment sessions.
E. The reviewer determines when enough information about blinding is given to score a 'yes'.
• the therapist who performs the treatment is blinded (unaware of the treatment given) or 
when the therapist is not familiar with the experimental intervention (fully naive).
F. To be scored 'yes'cointerventions should be avoided in the design (until for the most important 
moment of effect measurement) or data about cointerventions should be presented and com­
parable between the groups (until for the most important moment of effect measurement).
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G. When the reviewer determines that compliance with the interventions is acceptable, on the 
basis of the compliance data described (and stated as'acceptable'by the authors of the study) 
or based on reported intensity, duration, number and frequently of sessions for both the ex­
perimental intervention and the control intervention, a'yes'is scored.
H. The reviewer determines when enough information about the blinding is given to be scored 
'yes'.
• patients are blinded (unaware of the given treatment) or are not familiar with the experimen­
tal intervention (fully naive).
Outcome measurement
I. The reviewer determines when enough information about the blinding is given to be scored 
'yes'.
• the observer who conducts outcome measurements is blinded (unaware of the treatment 
given).
J. The reviewer determines whether the outcome measures were relevant.To be scored 'yes'at 
least 1 of 3 primary outcome measures must be reported. Primary outcome measures:
• pain;
• global perceived effect;and
• participation in daily activities (work or housekeeping or sport or social activities).
K. Each event should be described and correctly attributed to the allocated treatment: if it is ex­
plicitly reported that'no adverse effects'for each group separately occurred, a'yes'should be 
entered.
L. Participants included in the study, but who did not complete the observation period or were 
not included in the analysis must be described.To be scored as'yes', the percentage of with­
drawals and loss to follow up should be 20% ,at most.
Tim ing follow-up measurements
M l. Outcome assessment must occur at the end the of intervention period to be scored 'yes'.
M2. Outcome assessment must occur 3 or more months after randomization to be scored 'yes'.
N. Timing of measurement must be comparable for all groups and for all important outcome as­
sessments to be scored 'yes'.
Statistics
0. To be scored 'yes', the sample size has to be presented for each group at randomization and 
for the most important outcome assessments (no pre-set cutoff point for a sufficient sample 
size).
P. To be scored 'yes',aII randomized patients have to be analyzed for the most important outcome 
measures,and on the most important moments of effect measurement (minus missing values) 
irrespective of noncompliance and cointerventions or whether there are no withdrawals or 
loss to follow-up.
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Q. 'And' means that both point estimates and measures of variability should be presented for a 
'yes'score (for at least one of the primary outcome measures). Point estimates include: means, 
medians, modes, and measures of variability include: standard deviations, 95% confidence 
intervals,and quartiles.
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Abstract
We present a systematic review of prospective cohort studies. Our aim was to assess 
prognostic factors associated with functional recovery of patients with whiplash injuries. 
The failure of some patients to recover following whiplash injury has been linked to a 
number of prognostic factors. However, there is some inconsistency in the literature and 
there have been no systematic attempts to analyze the level of evidence for prognostic 
factors in whiplash recovery. Studies were selected for inclusion following a comprehen­
sive search of MEDLINE, EMBASE, CINAHL, the database of the Dutch Institute of Allied 
Health Professions up until April 2002 and hand searches of the reference lists of retrieved 
articles. Studies were selected if the objective was to assess prognostic factors associated 
with recovery; the design was a prospective cohort study; the study population included 
at least an identifiable subgroup of patients suffering from a whiplash injury; and the 
paper was a full report published in English, German, French or Dutch.The methodologi­
cal quality was independently assessed by two reviewers. A study was considered to be 
of'high quality' if it satisfied at least 50% of the maximum available quality score. Two 
independent reviewers extracted data and the association between prognostic factors 
and functional recovery was calculated in terms of risk estimates. Fifty papers reporting 
on twenty-nine cohorts were included in the review. Twelve cohorts were considered to 
be of'high quality'. Because of the heterogeneity of patient selection, type of prognostic 
factors and outcome measures, no statistical pooling was able to be performed. Strong 
evidence was found for high initial pain intensity being an adverse prognostic factor. 
There was strong evidence that for older age, female gender, high acute psychological 
response, angular deformity of the neck, rear-end collision, and compensation not being 
associated with an adverse prognosis. Several physical (e.g. restricted range of motion, 
high number of complaints), psychosocial (previous psychological problems), neuropsy­
chosocial factors (nervousness), crash related (e.g. accident on highway) and treatment 
related factors (need to resume physiotherapy) showed limited prognostic value for 
functional recovery. High initial pain intensity is an important predictor for delayed func­
tional recovery for patients with whiplash injury. Often mentioned factors like age, gender 
and compensation do not seem to be of prognostic value. Scientific information about 
prognostic factors can guide physicians or other care providers to direct treatment and to 
probably prevent chronicity.
Key words: Functional recovery; Prognostic factors; Systematic review; Whiplash
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Introduction
The incidence of whiplash injury varies between different parts of the world with rates as 
high as 39 per 100.000 in Australia1, 70 per 100.000 inhabitants in Quebec2, and 94-188 
per 100.000 inhabitants in The Netherlands.3 The term whiplash is defined as an accelera- 
tion-deceleration mechanism of energy transfer to the neck that results from rear end or 
side-impact motor vehicle collisions, but can also result from diving or other mishaps.The 
impact results in bony or soft-tissue injuries (whiplash injury), which in turn may lead to a 
variety of clinical manifestations called Whiplash-Associated Disorders (WAD).2 
One of the challenges for physicians and physiotherapists is to predict the prognosis of 
functional recovery for patients with a whiplash injury. Reports on the course of whiplash 
injuries show highly variable results, probably due to differences in study populations and 
definitions of outcome. Most patients recover quickly and completely but a significant 
proportion develop chronic and often intractable and disabling symptoms.4 Previous 
studies have reported that between 19% and 60% of patients still have complaints at six 
months after a whiplash injury5'7,and 13% to 50% of the patients are still absentfrom work 
or not able to perform their usual activities.89
Factors such as socio-demographic status9, crash-related factors10, litigation factors21112, 
physical factors and psychosocial factors1314 have been reported to be associated with 
delayed recovery and poor outcome. However, most of these studies focus on several 
prognostic factors and utilize different definitions of recovery (e.g. pain, duration of 
absence from usual activities or time-to-claim-closure). The Quebec Task Force (QTF) 
on WAD concluded in a 'best evidence synthesis' that it was not possible to provide 
evidence based recommendations concerning prognostic factors for recovery, as there 
was a shortage of adequate prognostic studies.2 In 2001 Côté et al. updated the review 
published by the QTF,including only articles published after 1995,and suggested that age, 
gender, baseline pain intensity and radicular signs/symptoms were important prognostic 
factors for the outcome of whiplash.15 However, they identified a lack of evidence about 
other factors, especially for patients visiting hospital based emergency departments and 
primary care settings.This means that it is still largely unclear which patients are at risk for 
delayed recovery and poor outcome. Such information would be of value in guiding clini­
cians in the management of patients with whiplash injuries.
The aim of this review is to systematically review and summarize the current literature 
regarding the prognostic value of socio-demographic, physical, psychosocial, neuropsy­
chological, crash-related, radiological, treatment and litigation factors for patients with 
Whiplash-Associated Disorders (WAD).
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Methods
Search strategy
The MEDLINE database was searched from 1966 to April 2002, CINAHL from 1982 to April 
2002, EMBASE from 1988 up to September 2001, and the database of the Dutch Institute 
of Allied Health Professions from 1987 to April 2002. Reference lists of relevant retrieved 
studies were checked to identify additional published research not found in the compu­
terized database searches.
Keywords (MeSH and text words) used to describe the study population were: whiplash, 
Whiplash-Associated Disorders, neck sprain, neck injury. Keywords used to identify a 
relevant design were: observational studies, prospective studies, cohort studies, follow- 
up studies and the use of the terms: prognosis, prognostic factor, predictors or course in 
the title or in the abstract.Titles and abstracts of all identified citations were screened to 
identify relevant articles. Full papers were retrieved if the abstract provided insufficient 
information to enable selection or if the paper had passed the first eligibility screening. 
The search was independently conducted by two reviewers (APV and GGMSP).
Selection criteria
An article was eligible if it met all of the following criteria: 1) the objective of the article 
was to assess prognostic factors associated with recovery; 2) the design was a prospective 
cohort study; 3) the study population either exclusively concerned whiplash or included 
an identifiable and separately analyzed subgroup of patients suffering from a whiplash 
injury; 4) the article was a full report published in English, German, French or Dutch.
An article was excluded if: 1) the article assessed risk factors including biomechani­
cal stress studies or crash studies for the onset of a whiplash injury in healthy persons 
(etiology); 2) the study population included patients with fractures or dislocation of the 
cervical spine, animals, cadavers, dummies or young children.
All criteria were applied independently by the two reviewers (APV and GGMSP) to the full 
text of the articles that had passed the first eligibility screening. In case of disagreement, 
consensus method was used to discuss and solve the disagreement. When disagreement 
persisted a third independent reviewer (GEB) made the final decision.
Quality assessment
Two reviewers (GEB and GGMSP) independently scored the quality of the studies. The 
instrument used was a modified version of an established criteria list used in systematic 
reviews of prognostic factors for patients with musculoskeletal disorders.1617 We modified 
the criteria list using the framework for assessing validity described by Altman.18 The 
final list consisted of 16 items (Table 1), with each having a 'yes'/'no'/ 'don't know'answer 
option.
To determine the methodological quality of the study, for each item the presence of
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Table 1 Criteria list for the methodological assessment of studies on prognostic factors in patients with WAD.
Criteria Score
Study population
A Inception cohort +/-/?
B Description of source population +/-/?
C Description of relevant inclusion and exclusion criteria +/-/?
Follow-up
D Follow-up at least 12 months +/-/?
E Drop-outs/loss to follow-up < 20% +/-/?
F Information completers versus loss to follow-up/drop-outs +/-/?
G Prospective data collection +/-/?
Treatment
H Treatment in cohort is fully described/standardized +/-/?
Prognostic factors
1 Clinically relevant potential prognostic factors +/-/?
J Standardized or valid measurements +/-/?
K Data presentation of most important prognostic factors +/-/?
Outcome
L Clinically relevant outcome measures +/-/?
M Standardized or valid measurements +/-/?
N Data presentation of most important outcome measures +/-/?
Analysis
0 Appropriate univariate crude estimates +/-/?
P Appropriate multivariate analysis techniques +/-/?
+ = positive (design or conduct adequate); - = negative (design or conduct inadequate); ? = unclear 
(item insufficiently described)
sufficient information and the likelihood of potential bias was evaluated. If sufficient infor­
mation was available and bias was considered unlikely, the item was rated positive ('yes'). 
If information was available and bias was considered likely the item was rated negative 
('no'). When information was not given or the information given was unclear, the item 
was rated as inconclusive ('don't know'). For the operationalization of the criteria list see 
Appendix. For each study a total quality score was computed by counting all positively 
rated items (maximum score 16 points). If articles were based on the same cohort, one 
quality score was given based on the information from all available publications. The 
criteria list was tested in a pilot assessment of three studies, which were not included in 
the review. In the case of disagreement, consensus was sought, but when disagreement 
persisted a third independent reviewer (APV) made the final decision.
Data extraction
Two reviewers (APV and LB) used standardized forms to independently extract information 
and data regarding source population, inclusion and exclusion criteria, type of prognostic
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factors,follow-up period, outcomes and data on associations. Five different source popu­
lations were identified that might differ with respects to prognosis15: 1) Patients seeking 
treatment at hospital-based emergency departments; 2) Patient seeking treatment at 
primary care practices (physiotherapy, chiropractic, general practice); 3) Insurance popu­
lations,^) General populations; 5) Others or mixed populations.We calculated the associa­
tion between outcome and prognostic factors in terms of Relative Risks (RR) with 95% 
confidence intervals (Cl), if the paper reported sufficient data to enable these computa­
tions. Similar to quality assessment,data extraction was piloted on three papers that were 
not included in the subsequent review. In cases of disagreement, consensus was achieved. 
When consensus could not be reached, a third reviewer (GGMSP) made the final decision.
Analysis
The inter-observer agreement of quality assessment was derived by kappa statistics 
because of dichotomous values. A study was (arbitrarily) considered as 'high quality' if it 
satisfied at least 50% of the maximum available total quality score (i.e. 8 points). 
Depending on homogeneity in study population, type of prognostic factors, outcome 
measures, and study quality, statistical pooling was performed. If statistical pooling 
was not allowed, the strength of evidence for prognostic factors associated with func­
tional recovery in terms of symptoms or disability was assessed by defining four levels of 
evidence based on Sackett et al.19 and Ariens et al.20 (Table 2). Positive clinically relevant 
findings were considered Relative Risks (RRs), Odds Ratios (ORs) or Hazard Rate Ratios 
(HRRs) > 2.0 or < 0.5 or significant associations (p< 0.05).21 If provided by the authors, 
positive findings were derived from the multivariate results. If only univariate results were 
available, we used these findings to determine the level of evidence. We also examined 
whether source population confounded or modified the association between prognostic 
factors and functional recovery.
Table 2 Levels of evidence for prognostic factors.
Level of evidence
Strong Consistent findings (> 80%) in at least 2 high quality cohorts
Moderate One high quality cohort and consistent findings (> 80%) in one or more low
quality cohorts
Limited Findings of one cohort or consistent findings in one or more low quality
cohorts
Inconclusive Inconsistent findings irrespective of study quality
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Results
Selection of studies
Initially,the search yielded 356 citations (MEDLINE 174;CINAHL 39; EMBASE 111;database 
of the Dutch National Institute of Allied Health Professions 30;and 2 by reference checking). 
After the first screening, 109 nonduplicate abstracts were selected and the full publica­
tions retrieved.The two reviewers disagreed regarding selection in 19 papers. Following a 
consensus meeting a total of 50 papers, reporting on 29 independent cohort studies were 
included in the review.The flow chart of study selection is showed in Figure 1.
Methodological quality
The initial interobserver agreement varied per item between k  = 0.41 (item G) and k  = 0.96 
(item C); the overall interobserver agreement was k  = 0.80, representing good agreement. 
Disagreement occurred mainly because of reading errors and interpretation of the meth­
odological criteria list and was readily resolved. Only for 4 items disagreement persisted 
(three times 'item G '22'23 24; and once 'item P' 25).The third reviewer (APV) made the final 
decision in these cases.The results of the quality assessment are presented in Table 3.The 
cohorts are ranked by their methodological quality score and named after the city or the 
country where the patients were recruited. Higher scores indicate higher methodological 
quality.The overall quality score ranged from 1 to 13 points,and 12 cohorts scored at least 
50 percent of the maximum attainable score.The median score was 7.0 points (43.8%).
48articles excluded 
because of selection 
criteria
11 articles excluded 
because of selection 
criteria
Figure 1. Flow Diagram 
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Most methodological shortcomings concerned the following items: no inception cohort 
(item A); no information of completers versus loss to follow-up (item F); no description 
or an insufficient description of treatment used in the cohort (item H); and inappropri­
ate univariate crude estimates or no univariate crude estimates reported at all (item
O). Seven cohorts (Trondheim, Kingston, Oslo, Aarhus, Patras, Adelaide, Japan b) used a 
cohort of patients who were identified at a unique point in the course of the whiplash 
injury (inception cohort). Six high quality cohorts (Saskatchewan, Oxfordshire, Berne, 
Adelaide, Folksam, Swindon, Patras) provided sufficient information of sociodemographic 
and clinical features for completers and drop-outs to compare reasons for patients being 
lost (item F).Treatment subsequent to inclusion into the cohort was fully described and 
standardized in only one cohort (Wirral) (item H). Prospective data collection (item G)
Table 3. Results of the methodological assessment.
Cohort name A B c D E F G H 1 J K L M N o p Quality score
Aarhus2« 7 1 1 1 1 1 0 1 0 1 1 1 1 1 1 0 1 13
Saskatchewan 1112 0 1 1 1 0 1 1 0 1 1 1 1 0 1 1 1 12
Trondheim 28-2930 1 1 1 1 1 0 1 0 1 1 1 0 0 1 0 1 11
Kingston31 1 1 1 1 0 0 1 0 1 1 1 1 0 1 1 0 11
Oxfordshire 323334 0 0 0 1 1 1 1 0 1 1 1 1 1 1 0 1 11
B e r n e  10,14,35-45 0 0 1 1 1 1 1 0 1 1 1 0 0 1 0 1 10
Adelaide46-47 1 1 1 0 0 1 1 0 1 1 0 0 1 1 1 0 10
Folksam48-49 0 0 0 1 0 1 1 0 1 1 0 0 1 1 1 1 9
Oslo50 1 1 1 0 0 0 1 0 1 1 0 1 1 1 0 0 9
Swindon8-51 0 1 0 1 1 1 1 0 1 1 0 0 0 1 0 1 9
Patras52 1 1 1 0 0 1 1 0 1 1 0 1 1 0 0 9
Halmstad53 0 1 0 1 0 0 1 0 1 1 0 1 1 1 0 0 8
Urnea54 0 1 0 0 1 0 1 0 1 1 0 0 0 1 0 1 7
Northern (a )55 0 0 1 1 1 0 1 0 1 0 0 1 1 0 0 7
Japan (b)56 1 0 1 0 0 0 1 0 1 0 0 0 1 1 1 7
Northern (b)57 0 0 0 1 0 0 1 0 1 1 0 0 1 1 0 1 7
Blackburn58 0 0 0 1 0 0 1 0 1 1 0 1 0 1 0 0 6
Copenhagen59 0 1 1 0 0 0 1 0 1 1 0 0 0 0 1 6
Kaunas60 0 0 0 1 0 0 1 0 1 1 1 0 0 1 0 0 6
England61 0 0 0 1 0 0 1 0 1 0 1 1 0 1 0 0 6
Hamburg-Eppendorf62 0 0 0 1 0 0 1 0 1 0 0 1 0 1 0 0 5
Leicester22 0 1 0 1 0 0 1 0 0 1 0 0 0 1 0 0 5
Hull24 0 0 1 0 0 0 1 0 1 0 0 1 0 1 0 0 5
Wirral63 0 1 0 0 0 0 1 1 0 0 0 0 1 1 0 0 5
Bristol64 0 0 0 0 0 0 1 0 1 0 0 1 0 1 0 0 4
Japan (a)23 0 1 0 0 0 0 1 0 1 1 0 0 0 0 0 0 4
Manchester25 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 1 4
California65 0 0 0 1 0 0 0 0 1 0 0 0 0 1 0 0 3
Los Angeles66 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1
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was used in all cohorts except one (California).The study design of the California cohort 
was unclear for both reviewers. However, the selectors considered the design to be pro­
spective. The presentation of the results in the cohorts was often (n=24) inadequate and 
some cohorts presented only levels of significance, without presenting crude or adjusted 
estimates (item O). In some cohorts (Umea, Copenhagen, Manchester,Trondheim, Japan b, 
Swindon) it was unclear which confounders had been included in the multivariate model. 
This complicated the interpretation of the reported associations.
Study characteristics
The main characteristics of the study populations are outlined in Table 4.The cohorts are 
grouped into source populations and ordered by their quality score. Of the 29 different 
cohorts, 15 cohorts recruited patients from hospital emergency departments (median 
quality score 7, range 4-13), 2 from primary care (median quality score 10, range 10-10),4 
from insurance companies (median quality score 6.5, range 4-9), 3 from the general popu­
lation (median quality score 8, range 6-12), and 5 from other population groups such as a 
private practice or a specialist practice (median quality score 5, range 1-7).
The sample size varied between n= 29 and n= 7462.4711 Sixteen cohorts enrolled over 
100 patients and three cohorts (Japan b, Saskatchewan, England) concerned over 1000 
patients.The shortest follow-up period was set at 4 weeks (Oslo), the longest at 10 years 
(Blackburn). For one cohort the follow-up period was unclear (Japan a). The percent­
age lost to follow-up varied between 0% (Swindon, Patras) and 72.7% (California). In six 
cohorts (Aarhus, Oxfordshire, Berne, Swindon, Umea, Northern a), the total number of lost 
to follow-up was less than 20% at one year.
Table 5 presents a summary of the prognostic factors, outcomes and results. Only signifi­
cant associations and clinically relevant risk estimates are presented. Over 100 different 
prognostic factors were examined (e.g. age, seat belt, initial complaints, depression, de­
generative cervical changes, speed, compensation, initial health care provider) and over 
15 different outcome measures were used (e.g. signs and symptoms, treatment duration, 
disability, time-to-claim-closure, post traumatic stress disorder). Crude risk estimates 
together with their 95% confidence interval (95% Cl) were computed from data reported 
in the paper. The heterogeneity of the study population, prognostic factors and outcome 
measures precluded statistical pooling of the results, and necessitated a qualitative 
summary of the results.
Overall level of evidence
Table 6 presents a qualitative summary of the available evidence for the different prog­
nostic factors and their association with the outcome of interest (functional recovery in 
terms of symptoms or disability). There is strong evidence (see Table 6) that high initial
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£  Table 4. Study characteristics. -  continued
Cohort Study
quality
Recruitment Case definition and number enrolled into 
cohort
Follow-up
Patras Partheni et al. 2000 g
Northern (a) Petter“onetal 1557 7
Northern (b) 5temeretal.2001 7
Copenhagen “ stag «au 997 g
Hamburg-Eppendorf M“ nen 5
et al. 1994
Leicester i^. 1988 cj
Wirral e^nn’e anc*^ gambar 1991 5
Bristol NorrisandWatt 1983 4
ManchesterMintonetal'2000 4
Patras,Greece,July 
1995-July 1998
Northern, Sweden
Northern, Sweden
Copenhagen, Denmark, 
October 1992-Novem- 
ber1993
Hamburg and Ep­
pendorf, Germany, 18 
months
Leicester, England, 
November 1984-May 
1985
Wirral,UK, 20 weeks 
from July 1986 
Bristol, September 
1977-May 1980 
Manchester, UK
WAD grade 1-2 < 2 days after rear, frontal or lateral 6 months 
vehicle collision; no WAD grade 3 or 4; no head 
injury, loss of consciousness or prior neck injury 
(n=180)
WAD grade 2-3 within 24 hours of accident; no 2 years 
WAD grade IV; no head injury, unconsciousness, 
history of neck injury or neck pain (n=39)
WAD due to car accident; no direct head trauma or 6 years 
signs of concussion (n=43)
Acute whiplash injury < 2 weeks; aged 18-65. No 7 months 
direct head trauma, fracture, alcohol or drug abuse, 
mental disorders or other illnesses of the central 
nervous system (n=39)
WAD grade l-lll after vehicle collision with available 5.7 years 
clinical and radiological examinations.No direct 
head trauma; no factures (n=126)
Soft tissue cervical spine injury without fractures or 2 years 
dislocations (n=73)
Whiplash injury (n=151)
Rear-end collision < 7 days (n=61)
5 months
6 months
Whiplash injury due to road traffic accident; vehicle 1 year 
available; no lumbar strain injury,no AIS > 1 (n=96)
Primary care cohorts
ß e m e  Radanov et al. 1991,1993a,b,Q Di 
Stefano and Radanov 1993,1994a, 1994b, 1995, 
Di Stefano and Radanov 1995, Sturzenegger 
et al. 1995, Radanov et al. 1996, Radanov and 
Sturzenegger 1996a,b
10
AdelaideRyanetal-1994'Voyvodic 10
et al. 1997
Insurance population cohorts
Folksam e^rgiundetai. 2000,2001 q
Japan (b) Satohetal. 1997
Blackburn Hodgson and Grundy 1989 g
Japan (a)Hi,iokaetal-2001 4
Berne, Switzerland Whiplash patients without fractures or disloca­
tions; German native language; age < 56 years; no 
head contact injury; no loss of consciousness; no 
neurological disorders or trauma in history (n=92)
Radanovetal. 1991 ( p =  ]  "] 3 )  Radanovetal. 1993a ( p =  ]  3 7 )  Radanovetal. 
1993b,c Di Stenano and Radanov 1993, Radanov et al. 1994a,b, 1995, Di Stefa no et a I.
1995, Sturzenegger et al. 1995, Radanov et al. 1996, Radanov and Sturzenegger 1996a,b
6 monthsRadanovet
al. 1991,1993a,qDi Stefano and 
Radanov 1993,1994a
1 year Radanoveta|-1993b'
1995, Sturzenegger et al. 1995, 
Radanov and Sturzenegger 1996a
2 years ^ ac*anov et a*995,
Di Stefano and Radanov 1995, 
Radanov et al. 1996, Radanov and 
Sturzenegger 1996b
Adelaide, Australia, May 
1992-February 1993
Folksam Insurance 
group, Sweden, Novem­
ber 1987-April 1988 
Japan, June 1991-Au- 
gustus 1991
Blackburn, 1972-1976 
Japan, 1996-1998
Whiplash injury without obvious bone or cord 6 months 
damage due to car crash; occupant of the car; age 
> 15 years; no other injuries (n=32)Ryanetal lW4, (n=29)
Voyvodic etal. 1997
Whiplash injury without fracture or dislocation; 7 years 
aged 18-65; (n=232)
Rear end collision; age > 20 years; report of collision 6 months 
to insurance company within 7 days; injuries to 
head, face, neck or back (AIS =1); no loss of con­
sciousness, open wounds,fractures, brain concus­
sion or brain hemorrhage (n=6167)
Neck injury due to road traffic accident (n=93) 10 years 
Whiplash injury after vehicle collision; no nerve unclear 
root lesions, spinal cord lesions or bone lesions; no 
other body injuries (n=400)
%  Lost to follow-up
0%
5.1%
20.9%
12.8%
52.4%
unclear
4.6%
unclear
unclear
15 2%RadanovetaL1991;
13 3%Radanoveta|-1993a
1 4  6 %  Radanov etal. 1993b,q,Di 
Stefano and Radanov 1993, Radanov et al.
1994a,b, 1995, Di Stefano and radanov 1995, 
Sturzenegger et al. 1995, Radanov et al. 1996, 
Radanov and Sturzenegger 1996a,b
9  4 %  Ryan et al. 1994
6 9% v°yvodic et ai. i
21.6%
16.2%
57.0%
unclear
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S  Table 4. Study characteristics. -  continued
Cohort Study Recruitment Case definition and number enrolled into Follow-up %  Lost to follow-up 
____________________________quality___________________________ cohort______________________________________________________________________________________
General population 
cohorts
Saskatchewan Q « idy « a| 2»»°.
Côté et al.200la
12 Saskatchewan, Canada, 
July 1994-December 
1995
Claim submission to Government Insurance for 
traffic injury; age 18 years or older; neck/ shoulder 
pain after accident; English speaking persons. No 
workers'compensation claims, more than one 
injury claim, other injuries or unassociated ill­
nesses) G“ idyet<l12000 and re-opened Claimsc“ etal-200la 
_7 4 6 2 )  Cassidy et al.2000 _27S3) etal-2001a
1 year unclear
H a l m s t a d  H errstròm et al. 2000 8 Halmstad, Sweden, 
April 1993-April 1995
WAD grade 1 -3; adequate description of the ac­
cident in medical record or questionnaire (n=158)
1 year 20.9%
K a U n a S  Obelienieneetal. 1999 6 Kaunas,Lithuania Rear end collision (n=210) 1 year 4.8%
U m e â  Hildingsson andToolanen 1990 7 Department of ortho­
pedics, Umeâ, Sweden, 
September 1985-July 
1988
Non-contact injury from car accident; no head 
injury or fracture (n=97)
2 years 4.1%
E n g l a n d  warren and warren 2001 6 Emergency department 
(1/3),or medicolegal 
assessment (2/3), 
England,1989-1997
Whiplash injury due to a car accident; no fractures, 
dislocations or other unstable injuries (n=1030)
3 years unclear
H u l l Pearce2001 5 Practitioner for medi­
colegal assessment, 
Hull,UK
WAD grade 1-2 involved in medicolegal dispute; 
no WAD grade 3 or 4 no head injury or acute disk 
lesion (n=80)
2 years unclear
CaliforniaHohl 1574 3 Private orthopaedic 
office, 1957- 1966
Neck injury after vehicle collision without fractures, 
dislocations or pre-existing cervical degeneration 
(n=534)
>5 years 72.7%
L o s  A n g e l e s  Greer|fie'd  and nfeid 1977 1 Private office, Los Ange­
les, USA
Neck symptoms from vehicle collision; involved in 
litigation (n= 179)
6 weeks unclear
UK: United Kingdom; USA: United States of America; AIS: Abbreviated Injury Scale
Table 5. Summary of outcome measures, prognostic factors and results.
Cohort Outcome Prognostic factors Univariate results (crude estimates and 95% 
Cl, significant differences or associations)
Multivariate results 
(adjusted estimates and 95% Cl)
Emergency care cohorts
AârhUS Kasch et al.2001 a,b 1) Work disability Sociodemographic || 1) Reduced ROM at 1 year RR = 2.5 1) Cox regression: total ROM and work
2) Return to work Physical * Psychoso­ and at 6 months RR = 2.1 disability (2.53;1.26-5.11)
3) ROM cial ** 1) Area under de curve for the relation be­
4) Pain Crash + 
Treatments 
Litigation 11
tween workload and disability (0.73;0.53-0.93); 
pain intensity (0.82; 0.68-0.96); number of non­
painful complaints (0.81;0.69-0.94)
Trondheim B°rc|w ™ ket Symptoms Sociodemographic Significant factor (p<0.05) at 2 years: pre­ No significant or clinical relevant associations
al. 1995,1997a,b Psychosocial
Crash
Pre-existing i  
Radiological ++
existing cervical spondylosis
KingstonBrison etal-2000 1) Presence of WAD Sociodemographic 1) Accident on highway (RR = 2.8; 1.0-7.9); head Not provided
2) Impact on work Physical position turned (RR = 2.0; 0.9-4.4); age 51 -70 (RR
and leisure Psychosocial
Crash
Litigation
= 2.1; 1.4-3.0); WAD at initial contact (RR = 3.3; 
2.2-4.7) at six months
Oxfordshire Mav°uetal 1) Symptoms Sociodemographic 1 (Symptoms correlated significantly with travel 1) Significant association between neck pain
1993, Mayou and Bryant 1996,Mayou 2) Psychiatric Physical anxiety (r= 0 79)Mayou and Bfyant 1996 immediately after accident, women passen­
et al. 1997 disorders Psychosocial 3) Social disability correlated highly with travel gers and symptoms at one year
3) Social disability Crash anxiety (r= 0.97) and anxiety/depression (r= 3) Previous psychological problems predicted
4) Return to work Pre-existing 0 94 ) May°u and Bryant 1996 poor social disability (p<o.05)MayouandBryantlW6
5) Quality of life Litigation 6) Major physical health problems at 5 years (RR 6) Physical health problems at 5 years adjusted
6) Post traumatic = 10,86); high baseline emotional distress (RR for baseline emotional distress and horrific
stress disorder = 11.43); baseline horrific memories (RR = 8.01)
Mayou etal. 1997
memories (RR = 6.70; 1.24-38.90); baseline 
emotional distress adjusted for health prob­
lems and baseline horrific memories (RR = 
6.67;0.75-60.10); baseline horrific memories 
adjusted for health problems and baseline 
emotional distress (RR = 5.37;0.93-31.06)Mayou
etal. 1997
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oS Table 5 . S u m m a ry o f o utcom e  m easures, prognostic factors and results -  co ntinue d.
Cohort Outcome Prognostic factors Univariate results (crude estimates and 95% 
Cl, significant differences or associations)
Multivariate results 
(adjusted estimates and 95% Cl)
O s |q  Drottnlngetal.1995 -|) S y m p t O m S
2) Days out of work
Swindon GarganandBa,> Symptoms
ni'.i' i 1994, Gargan et al. 1997
PatrasParthenietal 2000 Symptoms
Northern (a) Petttr»°n
et al. 1997
Symptoms
Northern (b)Sttmeret Total sensory score
Copenhagen Kall!tag Symptoms
et al. 1997
Hamburg-Eppendorf 1) Symptoms
Meenen et al. 1994 2) Return to work
Sociodemographic
Physical
Psychosocial
Crash
Pre-existing
Sociodemographic
Physical
Psychosocial
Sociodemographic
Physical
Crash
Pre-existing
Radiological
Sociodemographic
Physical
Crash
Radiological
Sociodemographic
Physical
Sociodemographic
Physical
Psychosocial
Neuropsychological-|f
Pre-existing
Radiological
Sociodemographic
Physical Psychosocial
Crash related
Pre-existing
Radiological
Treatment
1) Significant factors for high symptoms: high 
neck pain intensity post-collision; high acute 
psychological response
No significant or clinical relevant associations
Not provided
Symptoms at two years are predicted by:cervi- 
cal ROM, psychological status at 3 months
No single case of chronic pain beyond 6 months Not provided
Initial bulging disc (RR = 2.61;0.90-7.55); normal Not provided 
MRI (RR = 0.38; 0.13-1.11); moderate changes 
MRI (RR = 0.43; 0.07-2.54); severe changes MRI 
(2.29; 1.29-4.08)
Initial pathological total sensory score (RR =
4.03; 1.83-8.88); Moderate correlation between 
CES index and total sensory score (r=0.61)
No data provided
Significant regressors:CES index; initial total 
sensory score
Significant association between stress-factors 
unrelated to the accident and symptoms
No data provided Not provided
Leicester1 1) Symptoms
2) Neurological signs
Symptoms
1) Symptoms and 
signs
2) Time of work
3) Time to claim 
compensation
ManchesterMintonet Overall disability
al. 2000
W irra l Penn'eand Sgambar
1991
BristolNorrisandWatt 1983
Primary care cohorts
Berne ^ n^ovet^ . 1991,
1993a,b,c Di Stefano and Radanov 
1993,1994a, 1994b, 1995, Di Stefano 
and Radanov 1995,Sturzenegger et 
al. 1995, Radanov et al. 1996,Radanov 
and Sturzenegger 1996a,b
Symptoms
Sociodemographic 
Crash related 
Pre-existing 
Radiological
Physical
Crash
Radiological
Litigation
Sociodemographic
Physical
Crash
Pre-existing
Radiological
Litigation
Sociodemographic
Crash
Sociodemographic
Physical
Psychosocial
Neuropsychological
Crash
Pre-existing
Radiological
1) Angular deformity (RR = 0.40; 0.15-1.07); 
degenerative changes (RR = 2.38; 1.21-4.67)
2) Prevertebral soft tissue swelling (RR =
0.48; 0.07-3.57); angular deformity (RR = 0.21; 
0.03-1.61); degenerative changes (RR = 4.83; 
1.48-15.82)
Stationary vehicle hit from rear-end (RR =
1.36; 1.03-1.81); compensation in patients with 
moving cars (RR = 3.0; 0.77-11.69)
1) Decreased ROM (RR = 1.92; 1.23-2.99); neuro­
logical signs (RR = 1.43; 1.07-1.93)
Males have significant lower disability scores 
than females
Significant prognostic factors (p<0.05) at 6 
months: finger paraesthesia, irritability, sleep 
disturbance,forgetfulness Radanovetai.™ ^ ^  age
Di Stefa no and Radanov 1993, Radanov et al. 1994a g  fe at Variety Of
symptoms at baseline, baseline score on cogni­
tive failuresRadanovetal lw4a,high intensity of neck 
pain and headache, high cognitive impairment
Di Stefa no and Radanov 1993,
At 6 months: swallowing (RR = 0.29;0.05-1.85); 
sleep disturbances (RR = 1.63; 1.05-2.52); forget­
fulness (RR = 1 .96; 1.29-2.99) “ anovetal. 1993a
Not provided
Not provided
Not provided
Unclear
Significant factors at 6 months: cognitive im­
pairment; initial neck pain intensity;ageRadanovet 
al lwl,pre-traumatic headache “ anc»etai. 1993c
Significant factors at 12 months: higher age, 
intensity of initial neck pain and headache, 
symptoms of radicular irritation, sleep distur­
bances, pre-traumatic headache, history of 
head trauma, score on nervousness scaleRadanov 
etai.i993b,i994b, Speecj 0f information processing, 
poor concentration ,neuroticism ScoreRadanovetal 
lw4b, rotated/ inclined head position, unpre­
paredness, car stationary when hit, high neck 
pain intensity,high headache intensitysturzenegger
and Radanov 1995. |m  p a j re c | n e c k  m o v e m e n t  Radanov and 
Sturzenegger 1996a
<J~IVO
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Cohort Outcome Prognostic factors Univariate results (crude estimates and 95% Multivariate results 
_____________________________________________________________________Cl, significant differences or associations) (adjusted estimates and 95% Cl)
At 12 months: history of head trauma (RR = 2.3;
1.22-4.32); pre-traumatic headache (RR = 5.37;
2.19-13.15); intensity of initial headache (RR =
3.43; 1.40-8.40) or neck pain (RR = 2.25; 0.34- 
14.69); sleep disturbances (RR = 4.63; 2.14-10.01); 
blurred vision (RR = 2.38; 1.29-4.41); symptoms 
of radicular irritation (RR = 2.35; 1.24-4.46)Radanov 
etai.i993b;rotated/indined head position (RR =
3.59; 1.73-7.48); headache (RR = 3.43; 1.40-8.40); 
posterior neck pain (RR = 2.25; 0.34-14.69); 
neurological symptoms (RR = 2.59; 1.31-5.11); 
radicular irritation (RR = 2.35; 1.24-4.46) stu|“ negger
and Radanov 1995
Significant factors at 2 years:older age,great 
variety of symptoms, attention, score on well-be-
ing Radanov et ai-i995
At 2 years: head rotated/inclined during collision 
(RR = 2.7; 1.2-5.8); initial illness or disability worry 
(RR = 2.5; 1.2-5.3); high initial headache (RR = 2.4;
0.9-6.1); increased fatiguability (RR = 2.5; 1.0-6.3); 
anxiety (RR = 2.5; 1.1 -5.6); sleep disturbances (RR 
= 4.9; 1.9-12.6);blurred vision (RR = 2.8; 1.3-5.8); 
forgetfulness (RR = 2.9; 1.4-6.2); symptoms of 
radicular deficit (RR = 2.4; 1.1- 5.2); symptoms of 
cranial nerve/brainstem disturbance (RR = 3.0;
1.4-6.7); signs of degeneration on Rx (RR = 2.5;
1.2-5.3);current stress (RR = 2.1; 1.0-4.6) “ «»veiai.
1995, Radanov and Sturzenegger 1996b
§  Table 5 . S u m m a ry o f o utcom e  m easures, prognostic factors and results -  co ntinue d.
AdelaideRyan etallW4-
Voyvodicet al. 1997
Signs and symptoms Sociodemographic 
Physical 
Crash
Radiological
Insurance population cohorts
Folksam l'i|'|l"",|it'1 
2000,2001
1) Prevalence of neck Physical 
pain Crash
2) Health complaints
Japan (b)Satohetal 1 Treatment duration
B la C k b U r n  "°dg»nand 
Grundy 1989
1) Symptoms
2) Effect on job or 
hobby
Sociodemographic
Physical
Crash
Sociodemographic
Physical
Crash
Pre-existing
Radiological
Treatment
Litigation
Velocity change > 10 km/h (OR= 2.9;0.3-27.2); 
unaware of collision (OR= 15.0; 1.8-177.6)Ryanet
al. 1994
High initial injury severity (RR = 9.0;1.42-57.12)
Voyvodic et al. 1997
1) Rear-end (RR = 2.7;2.1-3.5) Ber9|undetal 2000
2) Rear-end associated with headache (RR =
4.4; 3.1-6.3); thoracic pain (RR = 3.5;2.2-5.4);low 
back pain (RR = 1.7; 1.2-2.4); III health (RR = 3.3; 
2.2-4.9); sleep disturbance (RR = 2.2; 1.4-3.5); 
stomachache (RR = 2.2; 0.9-4.9); fatigue (RR = 1.7;
1 2-2 5)Berglund etal.2001
Not provided
Remained in vehicle after collision (RR =
1.64;1.36-1.98); immediate symptoms (RR = 
1.77;1.41-2.23); transported by emergency 
vehicle (RR = 2.42;1.91-3.06); transported in 
other party's vehicle (RR = 1.70; 1.12-2.60)
1 ) Rear-end (RR = 4.31 ; 1.15-16.10)
1) Adjusted for age and gender: rear-end (RR =
2  y .  2  1-3 5)Berglund et al.2000
2) Adjusted for age and gender; Adj RR** 
for the association between rear-end and 
headache (RR = 3.7; 2.6-5.4); thoracic pain (RR 
= 3.1 ; 2.0-4.8); low back pain (RR = 1.7; 1.3-2.4); 
III health (RR = 3.3; 2.2-5.0); sleep disturbance 
(RR = 2.4; 1.5-3.9); fatigue (RR = 1.6; 1.1-2.3)
Berglund et al. 2001
Female gender (OR = 1.43;1.18-1.72), remained 
in vehicle after collision (OR = 1,33;1.14-1.56); 
immediate symptoms (OR = 1.52;1.25-1.86); 
transported by emergency vehicle (OR = 
2.30;1.85-2.86); transported in other party's 
vehicle (OR = 1.55; 1.07-2.26)
Not provided
Chapter 3________________________________________________________________________________________________________________
 
____System
atic review 
of prognostic factors
S  Table 5 . S u m m a ry o f o utcom e  m easures, prognostic factors and results -  co ntinue d.
Cohort Outcome Prognostic factors Univariate results (crude estimates and 95% 
Cl, significant differences or associations)
Multivariate results 
(adjusted estimates and 95% Cl)
General population cohorts
Saskatchewan Cassidvet
al. 2000,Coté etal. 2001a
Time- to-claim 
closure
Sociodemographic HRR + (tort system):education level grade 9 
Physical or higher (1.3;1.1-1.6);neck pain score on VAS
Psychosocial 40-59 (0.8; 0.7-0.9); 60-79 (0.7; 0.6-0.8); 80-100
Crash (0.6; 0.5-0.8); percentage of body in pain: 20-29%
Pre-existing (0.8; 0.7-0.9); 30-39% (0.7;0.6-0.9);40-100% (0.6;
Treatment 0.5-0.7); reduced/painful jaw movement (0.8;
Litigation 0.7-0.9);at fault for collision (0.7; 0.6-0.8); lawyer
retained (0.6;0.5-0.7); initial health care provider: 
medical doctor and chiropractor (0.6;0.5-0.8). 
Other significant prognostic factors (tort): 
full-time employment,anxiety before accident, 
concentration problemsCa!!idyetal 2000 
HRR (tort): neck pain: (0.91; 0.88-0.95); physical 
functioning: (1.09; 1.05-1.13);depressive symp­
toms (0.61;0.50-0.74) c" ' t ' 1200la
HRR (no-fault system):age 24-29 (0.8;0.7-0.9); 
age 30-39 (0.7; 0.6-0.8); age 40-49 (0.6; 0.6-0.8); > 
50 (0.6;0.5-0.7);female (0.8;0.8-0.9); Education 
level: grade 8 or lower (1.6; 1.3-1.9); neck pain 
score on VAS 40-59 (0.8; 0.7-0.9); 60-79 (0.7; 0.6- 
0.8); 80-100 (0.8; 0.7-0.9); percentage of body in 
pain: 20-29% (0.8;0.7-0.9);40-100% (0.7;0.6-0.9); 
numbness or pain in arm (0.8; 0.8-0.9); lawyer 
retained (0.6;0.5-0.8); initial health care provider: 
chiropractor (0.6;0.5-0.8).Other significant 
prognostic factors (tort): marital status, memory 
problem s Cassic*yet a^- 2000f
Adjusted (tort system) for age, gender and 
jaw movement; HRR (tort) for the association 
between neck pain and time to claim closure: 
35-115 days (0.84; 0.77-0.91); 116-235 days 
(0.76; 0.69-0.84); 236-358 (0.81; 0.74-0.90); >
358 days (0.87;0.83-0.92)“ ««auooia 
Adjusted for age, gender and baseline percent 
body in pain HRR (tort) for the association be­
tween physical functioning and time to claim 
closure (1.17; 1.12-1.23) °® « a'-2»»'a 
Adjusted for age, gender, baseline percent 
body in pain, neck pain intensity HRR (tort) for 
the association between depressive symptoms 
and time to claim closure (0.63; 0.51-0.77)“ “
et al.2001a
Adjusted (no-fault system) for age, gender:
HRR (no-fault) for the association between 
neck pain and time to claim closure (0.82; 0.80-
0 84) cot<i etai-2001a
Halmstad Herr!tr°met 1) Symptoms 
al 2000 2) Sick leave
Kaunas cMemeneetai.™ Symptoms 
Others
U m e â  Hildingsson andToolanen S y m p t O IT IS
England WarrenandWarren 1) Symptoms 
2001 2) Time off work
Hull' 1) Headache
2) Return to work
Sociodemographic
Crash
Pre-existing
Sociodemographic
Crash
Pre-existing
Sociodemographic
Physical
Crash
Pre-existing
Radiological
Sociodemographic
Physical
Crash
Treatment
Sociodemographic
Physical
Crash
Radiological
HRR (no-fault): neck pain (0.82;0.79-0.84); physi­
cal functioning (0-34 days): (1.21; 1.03-1.41); 
35-115 days (1.27; 1.20-1.35); 116-235 days (1.35; 
1.27-1.43); 236-358 (1.23; 1.12-1.34); > 358 days 
(1.12; 1.04-1.19);depressive symptoms (0.54; 
0.47-0.62)COte et aL 2001 a
No significant or clinical relevant associations
No single case of chronic patients.
Adjusted (no-fault) for age, gender, educa­
tion, baseline percent body in pain, previous 
whiplash: HRR (no-fault) for the association 
between physical functioning and time to 
claim closure (0-34 days): (1.20; 1.02-1.41);35- 
115 days (1.26; 1.18-1.35); 116-235 days (1.35;
1.26-1.45); 236-358 (1.22; 1.10-1.34); > 358 days 
(1 10*1 02—1 19) etai-2ooia 
Adjusted for age, gender, baseline percent 
body in pain, baseline physical functioning 
HRR (no-fault) for the association between de­
pressive symptoms and time to claim closure 
(0.64; 0.54-0.75)cott et al 2001 a 
Not provided
Not provided
No significant or clinical relevant associations No significant or clinical relevant associations
2) Significant factors:age (>20); early onset 
of neck pain; radiated pain into upper limbs; 
driving occupation
Not provided
No significant or clinical relevant associations Not provided
O'oo
Chapter 3________________________________________________________________________________________________________________
 
____System
atic review 
of prognostic factors
2  Table 5 . S u m m a ry o f o utcom e  m easures, prognostic factors and results -  co ntinue d.
Cohort Outcome Prognostic factors Univariate results (crude estimates and 95% Multivariate results 
____________________________________________________________________ Cl,significant differences or associations) (adjusted estimates and 95% Cl)
CaliforniaHohl 1574 1) Symptoms
2) Degenerative 
changes
Sociodemographic
Physical
Crash
Radiological
Treatment
Litigation
1) Significant prognostic factors: older age; 
women; initial treatment in hospital; radiating 
pain or numbness in upper extremity; restricted 
range of motion; need for cervical collar > 12 
weeks or home traction; need to resume physi­
cal therapy more than once.
2) Significant prognostic factors: older age; 
sharp reversal of normal cervical curve; re­
stricted range of motion; need for cervical collar 
> 12 weeks or home traction.
Not provided
LOS AngeleS »eenfieldand
Ilfeld 1977
Recovery (improve­
ment)
Sociodemographic
Physical
Crash
Radiological Treatment
Significant factors for poor recovery: presence 
of interscapular and upper back pain
Not provided
RR: Relative Risk; Adj RR: Adjusted Relative Risk; Cl: Confidence Interval; HRR: Hazard Rate Ratio; OR: Odds Ratio; Adj OR: Adjusted Odds Ratio; X ray: radiography; MRI: Magnetic resonance imaging; 
MEP: Motor Evoked Potentials; ROM: range of motion; CES: Cervicoencephalic Syndrome (e.g. dizziness, face pain and numbness, memory and concentration problems)
Sociodemographic factors|| such as age, gender, height, employment, family income, body mass index, marital status, number of dependents, main work activity; Physical factors* such as headache, 
neck pain, low back pain, neck stiffness, numbness or pain in arm, dizziness, low back pain, concentration problems, loss of consciousness, paraesthesias, fatigue, sensitivity to light or sound; Psycho­
social factors** such as depression, anxiety, emotional response, social changes, present stress-factors, neuroticism; Neuropsychological factors-fl- such as leaning deficits, memory, retention of faces 
or numbers, visuospatial function, perception and attention; Crash related factors! such as position in the car, type of accident, road conditions, preparedness for crash, head position, seatbelt use, 
headrest; Pre-existing factors^ such as previous neck pain, headache, work loss, anxiety before accident, general health before accident, previous whiplash injury; Radiological factors f t  such as posture 
abnormalities, spondylosis, disc pathology, degeneration; Treatment related factors 11 such as cervical collar, exercise therapy; Litigation factors# such as lawyer retained, claim submission.
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g; Table 6. Overall level of evidence for prognostic factors and their association with functional recovery.
Group Prognostic factor Outcome Cohorts
assessed
+ Findings* + High 
quality
+ Low 
Quality
- Findings -High
quality
- Low 
quality
Level of 
evidence
Sociodemo­ Older age Symptoms 19 3/19(15.8%) 2 1 16/19(84.2%) 8 8 Strong no
graphic
Older age Disability 5 1/5(20%) - 1 4/5 (80%) 2 2 Strong no
Female gender Symptoms 18 1/18(5.6%) - 1 17/18(94.4%) 10 7 Strong no
Female gender Disability 5 1/5(20%) - 1 4/5 (80%) 2 2 Strong no
Driving occupation Disability 1 1/1 (100%) - 1 - - - Limited
Physical High initial pain intensity Symptoms 5 4/5 (80%) 3 1 1/5 (20%) - 1 Strong
High initial pain intensity Disability 1 1/1 (100%) 1 - - - - Limited
Restricted ROM Symptoms 7 4/7 (57%) 2 2 3/7 (43%) 1 2 Inconclusive
Restricted ROM Disability 1 1/1 (100%) 1 - - - - Limited
Low workload in neck muscles Disability 1 1/1 (100%) 1 - - - - Limited
High number of complaints Disability 1 1/1 (100%) 1 - - - - Limited
Radicular symptoms Symptoms 10 3/10(30%) 1 2 7/10(70%) 2 5 Inconclusive
Radiating pain in upper extre­
mity
Disability 2 1/2(50%) - 1 1/2 (50%) - 1 Inconclusive
Early onset of pain Disability 2 1/2(50%) - 1 1/2 (50%) - 1 Inconclusive
Sleep disturbances Symptoms 4 2/4 (50%) 2 - 2/4 (50%) 2 - Inconclusive
WAD after accident Symptoms 8 3/8 (37.5%) 3 - 5/8 (62.5%) 3 2 Inconclusive
Psychosocial High acute psychological 
response
Symptoms 6 1/6(16.7%) 1 - 5/6 (83.3%) 4 1 Strong no
Previous psychological 
problems
Disability 1 1/1 (100%) 1 - - - - Limited
Stress unrelated to accident Symptoms 2 1/2(50%) - 1 1/2 (50%) 1 - Inconclusive
Neuropsycho- Nervousness Symptoms 1 1/1 (100%) 1 - - - - Limited
Cognitive impairments Symptoms 2 1/2(50%) 1 - 1/2 (50%) - 1 Inconclusive
Speed of information 
processing
Symptoms 2 1/2(50%) 1 - 1/2 (50%) - 1 Inconclusive
Poor concentration Symptoms 2 1/2(50%) 1 - 1/2 (50%) - 1 Inconclusive
Neuroticism Symptoms 2 1/2(50%) 1 - 1/2 (50%) 1 - Inconclusive
Crash Rear-end Symptoms 14 2/14(14.3%) 1 1 12/14(85.7%) 5 7 Strong no
Accident on highway Symptoms 1 1/1 (100%) 1 - - - - Limited
Car stationary when hit rear- 
end
Symptoms 1 1/1 (100%) 1 - - - Limited
Women passengers Symptoms 1 1/1 (100%) 1 - - - - Limited
Unprepared for collision Symptoms 4 2/4 (50%) 2 - 2/4 (50%) 1 1 Inconclusive
Turned head position Symptoms 3 2/3 (67%) 2 - 1/3 (33%) 1 - Inconclusive
Velocity change > 10 km/h Symptoms 2 1/2(50%) 1 - 1/2 (50%) 1 - Inconclusive
Car stationary Symptoms 3 1/3(33%) 1 - 2/3 (67%) 1 1 Inconclusive
Pre-existing Previous headache Symptoms 7 2/7 (28.6) 1 1 5/7(71.4) 4 1 Inconclusive
Pre-existing spondylosis Symptoms 5 1/5(20%) 1 - 4/5 (80%) 1 3 Inconclusive
Degenerative changes Symptoms 8 2/8 (25%) 1 1 6/8 (75%) 2 4 Inconclusive
Radiological Angular deformity of the neck Symptoms 8 1/8(12.5%) 1 7/8 (87.5%) 3 4 Strong no
Initial bulging disc Symptoms 2 1/2(50%) 1 1/2 (50%) 1 - Inconclusive
Moderate or severe disc 
changes MRI
Symptoms 2 1/2(50%) 1 1/2 (50%) 1 - Inconclusive
Litigation Compensation Symptoms 7 1/7(14.3%) 1 6/7 (85.7%) 3 3 Strong no
Treatment Need to resume physiotherapy Symptoms 1 1/1 (100%) 1 - - - Limited
Initial treatment hospital Symptoms 1 1/2(50%) 1 1/2 (50%) - 1 Inconclusive
Need for cervical collar > 12 
weeks
Symptoms 2 1/2(50%) 1 1/2 (50%) 1 Inconclusive
* Only cohorts using functional recovery in terms of symptoms or disability are listed. # Positive findings were considered RRs, ORs of HRRs > 2.0 or < 0.5 or significant 
associations (p< 0.05). ROM: range of motion; MRI: Magnetic Resonance Imaging.
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Selection changes and the influence on level of evidence
Including only high quality prospective cohorts with a sample size of at least 100 patients 
in our qualitative analysis (Aarhus, Kingston, Oslo, Patras, Berne, Folksam, Halmstad),does 
not alter the results of the review materially with a few exceptions.Turned head position, 
and degeneration changed from inconclusive evidence into respectively, strong and 
strong evidence for no prognostic value. Furthermore, high acute psychological response 
and rear-end collision changed from strong evidence for no prognostic value into incon­
clusive evidence.There were no or very small changes with respect to the other prognos­
tic factors and their level of evidence.
Adjusting the selection criteria by including only positive findings from studies using mul­
tivariate analyses with clearly reported confounders (Aarhus,Oxfordshire, Berne, Folksam) 
does also not alter the conclusions of our review considerably. High initial pain intensity 
changed from strong evidence into limited evidence, rear-end collision changed from 
strong evidence for no prognostic value into limited evidence, and sleep disturbances 
changed from inconclusive evidence into strong evidence.
Discussion
This systematic review has summarized the results of 29 prospective cohorts concerning 
the prognostic value of various factors for patients with WAD. These prognostic factors 
were associated with functional recovery in terms of symptoms or disability. Because of 
heterogeneity in case definition, prognostic factors, outcome measures and data presen­
tation, a qualitative analysis was performed. The methodological quality of the cohorts 
studied was highly variable. Overall analysis were used to base our final conclusion. Strong 
evidence was found for high initial pain intensity, and strong evidence for no prognostic 
value for older age, female gender, high acute psychological response, angular deformity 
of the neck, rear-end collision and compensation. We found limited evidence for some 
physical, psychosocial, neuropsychological, crash related and treatment related factors 
having prognostic value. Source population seemed not to influence the prognostic value 
of most factors.
Limitations of the review
The possibility of publication bias cannot be excluded.The fact that some cohorts (n=8) 
published more than one article may have resulted in publication bias. Studies with 
significant results are more likely to lead to multiple publications, and their identification 
may be more likely.67 Furthermore, relevant studies, hidden in unknown databases are 
difficult to locate and therefore may not have been included.
Another source of bias may be the reliance on information of different papers concerning 
one cohort. Cohorts with multiple publications may have received higher quality scores
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because of the number of papers assessed (e.g. the Berne cohort published 13 papers out 
of one cohort). This may have biased our quality scores because additional information 
on validity could be obtained from other publications. However, we do not believe that 
this had a strong impact on the results of our review. Selecting only one paper for our 
review, would have failed to notice relevant prognostic factors, which would surely have 
influenced our findings.
The criteria list we used for quality assessment was based on theoretical considerations 
and methodological aspects as described by Hudak et al. and Altman et al.1618 Some of 
our criteria use cut-off points that are arbitrary, for example, for length of follow-up and 
the drop-out rate (item D, E).The greater the number of patients lost to follow-up, the less 
accurate the risk estimate will be68, but a specific cut-off point is difficult to define.
As the prospective study design was one of our inclusion criteria, this item (G) should 
be deleted from the criteria list. Notwithstanding this, the item was the major source of 
disagreement between the reviewers. According to the reviewers the study design was 
often poorly reported.Therefore, we decided not to delete this item from the criteria list. 
Although, the discriminating value of this item was very low.
In all cohorts, except one (Wirral) treatment in the cohort was not fully described or 
standardized. If the treatment received varies in relation to the prognostic factors, the 
study cannot deliver an unbiased and meaningful assessment of prognostic ability.69 
In this review, hardly any cohort fulfilled this item which may have biased the effect of 
independent prognostic factors on the future course of functional recovery.
Levels of evidence
Levels of evidence in this review were based on positive findings from multivariate or uni­
variate results.The use of univariate results when multivariate results were not available, 
could have biased our conclusions regarding the level of available evidence for a prog­
nostic factor, because univariate results are not adjusted for potential confounding.This 
pragmatic choice was made because of the fact that only 9 (Aarhus, Oxfordshire, Folksam, 
Berne, Saskatchewan, Northern b, Japan b) out of 29 cohorts used multivariate techniques 
and clearly reported which confounders had been used in the analysis. From these 
cohorts, only four cohorts (Aarhus, Oxfordshire, Folksam, Berne) used functional recovery 
as outcome measure and were suitable to determine the level of evidence. As reported 
earlier, the use of only multivariate results did not alter our levels of evidence greatly 
with the exception of rear-end collision and sleep disturbances.Therefore, we expect that 
our pragmatic choice did not bias our results considerably. Due to the use of different 
selection criteria for our qualitative analysis, rear-end collision was the only factor which 
altered considerably from no prognostic value into prognostic value. Hence, the value of 
this factor should be examined further in future studies.
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Outcome measure
To date, there is no accepted definition of functional recovery. From a biopsychosocial 
viewpoint, we have decided to define functional recovery in terms of symptoms or disabil­
ities. In most studies symptoms were used as an outcome measure. Since 1997 disabilities 
and absence from work were used as well. In general, the relationship between symptoms 
and disabilities may not be strong and psychosocial factors may influence the strength 
of the relationship more than physical factors.7071 Therefore, it is important to gain more 
knowledge on predictors of persisting symptoms as well as persistent disabilities in 
whiplash patients. Unfortunately, most cohorts provided only results on either symptoms 
or disability. Some cohorts (Saskatchewan, Northern b, Japan a/b, Los Angeles) did not 
use symptoms or disabilities as an outcome measure at all.They measured time-to-claim- 
closure, total sensory score or treatment duration, and their correlation with symptoms 
and disability is unclear. Consequently, these cohorts could not be used in our qualita­
tive analysis . Furthermore, the use of standardized or valid measurements for functional 
recovery still requires attention, even in recently reported cohort studies (Japan a, Hull, 
England, Kingston, Manchester). Outcome measurement could be improved by focusing 
on reliable, validated and responsive instruments for symptoms, disability/ participation 
such as the Neck Disability Index72 or the Short Form-36 Health Survey.73
Previous systematic reviews
The results of this systematic review are not consistent with the results of Côté.15 The 
prognostic value of age, gender and radicular symptoms could not be confirmed and 
it is questionable whether the prognosis of whiplash depends on the study population 
sampled. Plausible reasons for these inconsistent findings are our different search period, 
methodology, review criteria, outcome measures and our qualitative summary using 
levels of evidence. In contrast to previously performed reviews215 we did not restrict our 
searches to studies reported in English in order to prevent English language bias and we 
used a different search strategy based on the methodological guidelines of the Cochrane 
Back Review Group74 and McKibbon75 to obtain the optimal sensitivity. We only included 
papers with a prospective study design because this is considered to be the optimal 
design to identify the presence of prognostic factors and their association with the 
outcome.18'68 Therefore, some large and well known studies appeared not to be eligible 
for our review.2913
Clinical implications
Physicians seeing acute whiplash patients with high initial pain intensity, restricted 
cervical range of motion, high number of complaints, previous psychological problems, 
nervousness and/or the accident on the highway should be aware that these are at risk for 
delayed recovery. As yet, the available evidence on the prognostic value of individual pre­
dictors is not very strong, because the value of most prognostic factors was demonstrated
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by no more than one cohort. Scientific information about prognostic factors can guide 
physicians or other care providers to direct treatment and to probably prevent chronicity. 
Patients having several unfavorable prognostic factors are assumed to be indicated for 
treatment.This is particularly important when prognostic factors such as high initial pain 
intensity, restricted cervical range of motion and nervousness are involved as these can 
possibly be influenced by physicians, physiotherapists or psychologists.
Recommendations
It is important to obtain evidence or at least consensus regarding the main methodologi­
cal criteria for prognostic studies, similar to the criteria developed for randomized clinical 
trials.76 In our opinion, the following criteria are of great importance for the conduct of 
high quality prognostic cohort studies:inception cohort used (A); in- and exclusion criteria 
defined and relevant (C);follow-up period sufficiently long (D);drop-out rate restricted (E); 
treatment described and standardized (H); prognostic factors measured in a standardized 
or valid way (J);outcome measured in a standardized or valid way (M);adequate univariate 
crude estimates performed (O); appropriate multivariate techniques performed (P).There 
is clearly a need for large high quality inception cohorts studies to validate the strength 
of evidence of this systematic review. But firstly, we recommend to obtain international 
consensus on a core set of relevant prognostic factors, outcome criteria for recovery and 
possibilities to measure these in a standardized and valid way.
Conclusion
New insights were found concerning prognostic factors associated with delayed func­
tional recovery. We found positive evidence in the literature of high initial pain intensity 
being of significance as prognostic value for persisting symptoms. Furthermore, we 
found strong evidence in the literature review of the following factors not influencing 
outcome: older age,female gender, high acute psychological response, angular deformity 
of the neck, rear-end collision and compensation. Several physical (e.g. restricted range 
of motion, high number of complaints), psychosocial (previous psychological problems), 
neuropsychosocial factors (nervousness), crash related (e.g. accident on highway) and 
treatment related factors (need to resume physiotherapy) show limited prognostic value 
for functional recovery. There was no evidence found to allow any conclusions on the 
influence of factors such as coping, anxiety, cognition, education level, head restraint, 
seat belt.The presence or absence of these factors can help care providers to predict the 
prognosis and to guide treatment.
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Appendix: Operationalization of the criteria list for the assessment of 
study quality of prognostic factors on patients with WAD.
Criteria
Study population
A. Positive if patients were identified at an early uniform point (inception cohort) in the course of 
their whiplash complaints (e.g. first point at which symptoms were first noticed after trauma 
or first consultation at general practice or emergency room or first presentation of a claim). 
Also positive in case of a heterogeneous population (survival cohort) for which sub-groups 
of whiplash patients were identified and analysed (first episode of complaints after trauma 
or first consultation at general practice or emergency room).'Don't know'if it is not clear if an 
inception cohort was used.
B. Positive if the source population was described in terms of place of recruitment (e.g. 
Amsterdam, The Netherlands), time-period of recruitment and sampling frame of source 
population (hospital emergency departments, primary care, insurance companies, general 
population). Negative if < 2 features of the source population are given.
C. Positive if criteria were formulated for at least three out of five:
1) Age
2) Grade of WAD (fractures or dislocation of the cervical spine are excluded)
3) Relevant co morbidity (e.g. systematic diseases, cervical disk herniation)
4) Duration of complaint or time since accident
5) Type of complaints after trauma (headache, neck pain or disabilities in daily life activities). 
Negative if < 2 criteria were formulated.
Follow-up
D. Positive if the follow-up period was at least 12 months and data were provided for this moment 
in time.
E. Positive if total number of drop-outs/loss to follow-up < 20% at 12 months.
F. Positive if sociodemographic/clinical information (e.g.age,sex,type of complaints/disabilities/ 
participation problems or prognostic factors) was presented for completers and those loss to 
follow-up/drop-outs at baseline, or no drop-outs/loss to follow-up. It is important that so­
ciodemographic and clinical information is given for completers and follow-up/drop-outs 
to compare reasons for patients being lost. Reasons have to be unrelated to the outcome 
of recovery (complaints and disabilities). Loss to follow-up/drop-outs: all patients of the 
assembled cohort minus the number of patients at the main moment of health status mea­
surement for the main outcome measure, divided by all patients of the assembled cohort.
G. Positive if a prospective design was used. Also positive in case of a historical cohort when the 
determinants (prognostic factors) are measured before the outcome was determined.'Don't 
know' if a historical cohort is used, considering prognostic factors at time zero which are
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not related to the primary research question for which the cohort is created or in case of an 
ambispective design.
Treatment
H. Positive if in case of treatment subsequent to inclusion into cohort, treatment is fully described 
and standardised. Also positive in case of no treatment given or if muti-variate correction for 
treatment is performed in analysis. Negative if different treatment regimens are used, not clear 
how outcome is influenced by it. Don't know if it is not clear any treatment is given.
Prognostic factors
I. Positive if the report describes beside the socio-demographic factors (age and gender) at least 
one other factor of the following at baseline:
1) Physical/disease factors (e.g. severity of pain, cervical range of motion, duration of com­
plaints since the accident, localization of complaints, concentration problems, dizziness)
2) Psychosocial factors (e.g. life events,anxiety, depression, work satisfaction)
3) Pre-existing factors (e.g. cervical degeneration, pre-existing headache of neck pain)
4) Crash related factors (e.g. rear-end,side impact,head restraint use,seatbelt use)
5) Insurance system related factors (e.g.financial compensation, litigation)
6) Sociodemographic factors (e.g. employment status, occupation, co-morbidity).
J. Positive if at least one of the factors of i), excluding age and gender, a re reported in a standard­
ized or valid way (for example by means of a questionnaires diary, an objective measurement 
[e.g. CROM, police report or patient-status]).
K. Positive if frequencies, or percentages or mean (and standard deviation/CI), or median (and 
Inter Quartile Range) are reported for the three most important prognostic factors of I. namely 
age, gender and at least one other factor,for the most important follow-up measurements.
Outcome
L. Positive if besides 'complaints' in terms of symptoms (e.g. pain) at least one other outcome 
criteria for'recovery'is reported:
1) Disabilities in daily life activities
2) Lost days of work or return to work.
M. Positive if one or more of the main outcome measures of I (symptoms and disabilities/ lost 
days of work) are reported in a standardized or valid way (for example by means of a question­
naire, a diary or an objective outcome measure such as registration of lost days of work at work 
or medication use in the patient- status of general practitioners).
N. Positive if frequencies, or percentages or mean (and standard deviation/CI), or median (and 
Inter Quartile Range) are reported for one or more of the main outcome measures forthe most 
important follow-up measurements.
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Analysis
O. Positive if univariate crude estimates (RR, OR, HRR) between prognostic factors separately 
and outcome are provided. Negative if only p-values or wrong association values (Spearman, 
Pearson, sensitivity) are given, or if no tests are performed at all.
P. Positive if appropriate multivariate techniques are used, such as logistic regression analysis 
or survival analysis for dichotomous outcomes, or linear regression analysis for continuous 
outcomes. Negative if no multivariate techniques are performed at all.
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Guidelines for whiplash
Abstract
Study design: A clinical practice guideline.
Objectives: To assist physiotherapists in decision making and to improve the efficacy and 
uniformity of care for patients with Whiplash-Associated Disorders (WAD) grades 1 and 2. 
Summ ary of background data: Whiplash constitutes a considerable problem in health 
care. Many interventions are used in physiotherapy practice, despite increasing evidence 
for the use of active interventions. There is still no clinical practice guideline for the 
management of patients with Whiplash-Associated Disorders.
Method of development: A computerized literature search of Medline, Cinahl, Cochrane 
Controlled Trial Register, Cochrane Database of Systematic Reviews and the Database of 
the Dutch National Institute of Allied Health Professions was performed to search for in­
formation about the diagnostic process and the therapeutic process in whiplash patients. 
When no evidence was available, consensus between experts was achieved to develop 
the guideline. Practicing physiotherapists reviewed the clinical applicability and feasibility 
of the guideline, and their comments were used to improve it.
Recommendations: The diagnostic process consists of a systematic history taking and 
a physical examination supported by reliable and valid assessment tools to document 
complaints and functional disabilities.The primary goals of treatment area quick return to 
normal activities and the prevention of chronicity. Active interventions such as education, 
exercise therapy, training of functions and activities are recommended according to the 
length of time since the accident and the rate of recovery.The biopsychosocial model is 
used to address the consequences of whiplash trauma.
Conclusions: Scientific evidence for the diagnosis and physiotherapeutic management 
of whiplash is sparse; therefore consensus is used in different parts of the guideline. 
The guideline reflects the current state of knowledge of the effective and appropriate 
physiotherapy in whiplash patients. More and better research is necessary to validate this 
guideline in the future.
Key words: consensus, diagnostic process, evidence, guideline, physiotherapy, therapeu­
tic process, whiplash
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Introduction
Whiplash poses a considerable problem in health care.The long-lasting symptoms and 
disability in many patients have important economic consequences. The total costs 
related to whiplash are about $ 29 billion a year in the United States.56 A clinical practice 
guideline for the physiotherapy management of whiplash patients is not yet available. 
The purpose of this article is to describe a 'best evidence' guideline for whiplash patients, 
which was recently developed in The Netherlands.2 A few principles underlying the 
guideline are explained: the definition of whiplash, the biopsychosocial model, the 
natural course of whiplash and potential prognostic factors that may influence the rate of 
recovery in whiplash patients.
Definition of whiplash and scope of the guideline
The guideline uses the most current and accepted definition of whiplash taken from the 
Quebec Task Force on Whiplash-Associated Disorders (WAD):'Whiplash is an acceleration- 
deceleration mechanism of energy transfer to the neck.lt may result from rear end or side- 
impact motor vehicle collisions, but can also occur during diving or other mishaps. The 
impact may result in bony or soft-tissue injuries (whiplash injury), which in turn may lead 
to a variety of clinical manifestations called WAD'.56 Neck pain, headache and decreased 
mobility of the cervical spine are the most common symptoms.58 These disorders can be 
classified into five grades of severity (Table 1). This guideline focuses on patients with 
WAD grades 1 and 2. In most of these patients, lesions in cervical muscles, ligaments, discs, 
vertebrae or nerves cannot be identified even when sophisticated imaging techniques 
are used.3'6'3053
Table 1. The Quebec severity Classification of Whiplash-Associated Disorders.56
Grade Clinical presentation
0 No neck symptoms
No physical sign(s)
1 Neck pain, stiffness or tenderness only
No physical sign(s)
2 Neck symptoms and
Musculoskeletal sign(s)*
3 Neck symptoms and
Neurological sign(s)t
4 Neck symptoms and
Fracture or dislocation
^Musculoskeletal signs include decreased range of motion and point tenderness;! Neurological signs include 
decreased or absent deep tendon reflexes, weakness, and sensory deficits; Symptoms and disorders that can be 
manifested in all grades include deafness, dizziness, tinnitus, headache, memory loss, dysphagia and temporo­
mandibular pain. Grades 1 and 2 indicate the scope of the guideline
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Biospychosocial model
One principle in the development of this guideline is that a whiplash trauma may involve 
minor soft tissue damage that may lead to impairments in physical and mental functions, 
disabilities and participation problems. The authors use the biopsychosocial model to 
address the consequences of whiplash trauma. In this model, the patient is seen as a 
system integrating biological, psychological and social dimensions.The model takes into 
account prognostic factors that may influence recovery7'873 and emphasizes the role of 
psychological and social factors in the development and persistence of symptoms and 
disabilities.
Natural course and prognosis
There is still no agreement in the literature about the natural course of WAD after 
trauma.14'48'5658 The estimated proportion of patients who report pain and disability 6 
months after the accident varies between 19% and 60%.14'58 The estimated proportion 
of patients who are still absent from work at 6 months varies between 9% and 26%.48'56 
Chronic WAD is usually defined as symptoms or disabilities persisting for more than 6 
months.5658
Because of the lack of scientific data about the natural course of whiplash, the guideline 
committee decided by consensus to start with a theoretical construct that distinguishes 
between patients with normal recovery and those with delayed recovery. Because im­
pairments related to whiplash share the same presumed causes as neck pain and low 
back pain that are experienced at work, recreation and other daily life activities 874, the 
authors assumed that the relations between functions, activities and participation are 
time dependent and comparable with those of these pain conditions. Therefore, in 
patients with normal recovery a gradual improvement in physical or mental functions, 
an increasing level of activities and an increasing level of participation after injury is 
expected. Patients with delayed recovery experience no improvement or only small 
improvements in physical or mental functions, activities and participation, or pain does 
not decrease. In the latter patients, some psychosocial factors may be present and delay 
recovery, as in other pain conditions.The authors extrapolated this theoretical construct 
from patients with low back pain.74
Prognostic factors
To distinguish between patients who are expected to experience either a normal recovery 
or a delayed recovery, the authors tried to identify prognostic factors that are related to 
persistent symptoms. Based on a literature search, only those prognostic factors that are 
reported in two or more studies and that are related to prolonged symptoms in whiplash 
patients were included in the guideline (Table 2a).15'23'49'50'57
The factors mentioned in Table 2a can be measured easily and may have an influence on 
the risk of delayed recovery during primary care. However, physiotherapists or physicians
8 5
Chapter 4
Table 2. Prognostic factors associated with delayed recovery
2a. Whiplash 2b. Chronic pain conditions
Decreased mobility of cervical spine immediately Attitude, inadequate cognition,fear avoidance
after injury1550 beliefs33
Pre-existing neck trauma49-50 Passive coping strategy33
Older age23,50,57 Catastrophizing 33
Female gender23-57 Depression,anxiety,distress related 
emotions33
Poor self-perceived health33 
Lower socio economic status75 
Job satisfaction and inadequate social 
support75
cannot influence these factors. Recent systematic reviews have shown the importance of 
psychosocial factors in the prognosis of other pain conditions, such as low back pain.3375 
These factors include for example, the patient's belief that he or she has a serious disease, 
the expectation that the condition is likely to worsen,fear avoidance behavior, inadequate 
cognitions, catastrophizing, maladaptive coping strategies, depression and anxiety (Table 
2b).These factors may also be of importance in whiplash patients because, as in low back 
pain, there is often no obvious tissue damage that explains long-lasting complaints. 
Therefore, by consensus, the authors decided to include information concerning these 
prognostic factors in the guideline for the management of whiplash patients.
Method of guideline development
Development process
The guideline was developed according to the method used for physiotherapy guide­
lines issued by the Dutch Royal Physical Therapy Association27, which are based on 
international methods of guideline development.1819'55 The method consists of four 
different phases: (1) the preparation; (2) the design of the guideline; (3) the implementa­
tion and (4) the update phase.This article focuses on Phase 1 and Phase 2. The guideline 
was constructed according to the different phases of the physiotherapy assessment: 
referral, history taking, physical examination, analysis, formulation of treatment plan, 
treatment and evaluation of treatment.26'28 The whiplash guideline was drafted by seven 
experts. They used the 'best evidence' from systematic reviews, randomized clinical/ 
controlled trials (RCTs) and prospective studies.55 When evidence was not available, the 
recommendations of the guideline were formulated on the basis of consensus among 
group members.The authors defined grades of recommendation according to Sackett et 
al. (Table 3).55
Parallel to the expert group, a multiprofessional group was formed of seven clinicians
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Table 3. Levels of evidence and grades of recommendations55
Grade of recom­ Level of Basis of Evidence
mendation evidence
A la Systematic review (with homogeneity) of RCTs
A 1b Individual RCT
B 2a Systematic review (with homogeneity) of cohort studies
B 2b Individual cohort study
B 2c Outcomes research
B 3a Systematic review (with homogeneity) of case-control studies
B 3b Individual case-control study
C 4 Case series (and poor quality cohort and case-control studies)
D 5 Expert opinion
RCT = Randomized Clinical/controlled Trial
from various specialties involved in providing care in this field (general practitioner, 
psychologist, orthopedic surgeon, neurologist, otoneurologic physician, medical advisor) 
and a patient representative of the Dutch Whiplash Association.This group assessed the 
quality of the guideline and its applicability in everyday clinical care. Furthermore, the 
content, formulation and style of the guideline, specificity, and the applicability in clinical 
practice were reviewed by 32 randomly selected practicing physiotherapists who were 
not involved in the development of the guideline.Their comments were used to improve 
the guideline. The final guideline was authorized and approved by the Dutch Royal 
Physical Therapy Association and the Dutch Society of General Practitioners. Every 5 years 
this guideline will be updated and revised if necessary.
Literature search
A comprehensive computer-aided search of Medline (1966 through June 2000), Cinahl 
(1982 through June 2000), Cochrane Controlled Trial Register (Issue 3 2000), Cochrane 
Database of Systematic Reviews (Issue 3 2000), and the database of the Dutch Institute 
of Allied Health Professions (1987 through June 2000) was performed. References of 
relevant articles were also screened. Articles concerning the diagnostic process and the 
therapeutic process in physiotherapy were searched. Two independent reviewers (GEB, 
GGMS) conducted the searches. The keywords and free text words used to identify the 
study population were whiplash, neck sprain, neck injury.To identify the diagnostic tests, 
they were measurement and assessment; to identify outcome measures, they were range 
of motion,coordination, balance, stability, pain,disability,functional state/status,quality of 
life; and to identify the methodological quality of diagnostic tests and outcome measure, 
they were reliability, validity, and responsiveness.The keywords and free text words used 
to identify the interventions were physiotherapy, physical therapy, behavioral therapy, 
education, massage, mobilization, exercises, electrotherapy. To identify the design,
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they were systematic review, meta- analysis, randomized clinical trial, and randomized 
controlled trial.
Articles were considered relevant and selected if: (1) the study population included only 
whiplash patients; (2) outcome measures were related to functions, activities or participa­
tion; (3) outcome measures were within the scope of current practice of physiotherapy; (4) 
the treatment consisted of physiotherapy interventions; and (5) the language of publica­
tion was English, French,German, or Dutch.
Evidence supporting the guideline
Selection of studies
In all, 21 articles were used for the guideline; 7 concerning the diagnostic process
24,34,60,67,68,69,78 and 14 concerning interventions.4'9121617'25'35'37'38'44'45'47'54'56
Treatment strategies for patients with acute W hiplash-Associated Disorders
Recently, Peeters et al.44 assessed in a systematic review the efficacy of conservative 
treatment in whiplash patients. Eleven RCTs met the inclusion criteria4'9'11121617'25'37'38'45'47, of 
which three studies were considered to be of 'acceptable validity'.412'47 
The RCTs of acceptable validity evaluated the effects of pulsed electromagnetic therapy 
(PEMT)12, multimodal treatment47, and advice'to act as usual'4 in patients with acute WAD. 
The conclusion of this systematic review was that rest may not be advised, and that active 
interventions have a tendency to be more effective in whiplash patients.
Magee et al.35 also performed a systematic review of the effectiveness of physical therapy 
interventions on soft tissue neck injuries. They considered all articles to be of 'weak' 
methodologic quality.1216'37'38'43'47'51'59 A modest trend was reported for positive effects of 
exercises, manual therapy, and educational advice on posture in whiplash patients. This 
review also showed evidence for ineffectiveness of rest and the use of a soft collar.
The Quebec Task Force drew similar conclusions.56 The Task Force found weak evidence 
to limit immobilization and weak evidence to support manual mobilizations combined 
with other physiotherapeutic interventions. Furthermore, the Task Force suggested that 
mobilizations, exercises and postural advice could be used as an adjunct to strategies that 
promoted increased activity.56
A recently published RCT, not yet included in the systematic reviews, seems to confirm 
the finding that early return to usual activities should be encouraged and is preferable to 
rest and wearing a soft collar.54 In conclusion, there seems to be evidence for a positive 
effect of active interventions including exercise therapy, education, training functions and 
activities in acute whiplash patients. On the basis of these results, this guideline promotes 
early active management and stimulates patients to return to daily activities as soon as 
possible.
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Treatment strategies for patients with chronic W hiplash-Associated Disorders
To date, the authors are unaware of any RCTs that have addressed the efficacy of 
physiotherapy for chronic whiplash and have found only one case-series 66 concerning 
these patients. Hence, they cannot provide evidence-based recommendations for these 
patients, and must rely on consensus among experts.The guideline committee assumes 
that chronic whiplash show similarities with other chronic pain conditions, such as chronic 
nonspecific low back pain, neck pain or fibromyalgia.1'74Therefore, it was decided that the 
treatment strategy for chronic WAD may be similar to that for chronic pain in general.The 
literature was searched for chronic pain interventions in the same databases and in the 
same rigorous manner as described before and, 12 systematic reviews were identified on 
the effectiveness of physiotherapy treatment for chronic nonspecific pain, e.g., low back 
pain, neck pain,and fibromyalgia.21'22'29'31'32"40'46'61'65
The systematic reviews seem to indicate that exercise therapy, multidisciplinary treat­
ments, and behavioral therapies are favorable in the management of chronic pain, 
particularly regarding return to normal activities and work. Referring to this evidence, it 
was decided to base the therapeutic approach for chronic whiplash on advice, education, 
and exercise therapy using behavioral principles.
Recommendations for the diagnostic and therapeutic process
The diagnostic process 
History taking
To provide insight into the health problem, a systematic history taking is taken concern­
ing impairments (e.g., pain, concentration, mobility of the neck, dizziness), disabilities 
(e.g., changing or maintaining position, walking), participation problems (e.g., social 
relationships, work, housekeeping), and prognostic factors. Waddell's features relevant for 
patients with WAD (constant pain, diffuse pain, whole limb numbness or pain, arm giving 
way, intolerance of treatments, emergency admission to hospital for pain management) 
may help physiotherapists to be alert on symptoms that may be predictive for chronic 
complaints. Also, the patient's current employment situation and demands are investi­
gated. Key points of the history taking are presented in Table 4.
Assessment tools such as a Visual Analogue Scale (VAS)3976 and the Neck Disability Index 
(NDI)24'68'69 may help further to document the health problem (grade B evidence).To obtain 
information about the way patients cope with the problem, a questionnaire such as the 
Coping Strategies Questionnaire (CSQ) can be used (grade B evidence).5260 Patients who 
use passive coping strategies may beata higher risk of developing chronic symptoms and 
disabilities compared to patients who use active coping strategies.The group members 
recommend the use of these instruments because of their sufficient methodologic quality, 
their relation to the health problem and applicability to physiotherapy practice.
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Table 4. Key points in history taking of whiplash patients
Inventory of specific symptoms and accounts of the patient
Pre-existing symptoms,disabilities and participation problems
Accident specific information (e.g., velocity of the car, rear-end collision)
Recovery rate in time
Previous diagnostic tests and procedures
Success of medical or therapeutic treatment
Attitude, cognitions, beliefs and internal control of the patient
Coping strategy
Waddell's signs
Present severity of symptoms
Present treatment, medication use
Physical examination
Unfortunately, no validated diagnostic tests (grade A or B evidence) are available to 
physiotherapists for whiplash patients.34'6778Therefore, only specific tests in the physical 
examination concerning grade C or D evidence are recommended. The guideline 
committee also advises to examine prognostic factors associated with a delayed recovery 
and behavioral signs that may have therapeutic consequences.8 In consensus, it was 
decided that the physical examination should preferably include these features:
• general observation, especially for a cervical list or a forward-head posture (grade C 
evidence)7 and for overt pain behavior such as guarding, rubbing, grimacing (grade C 
evidence) 874;
• a regional active examination of the neck, measuring range of motion, quality of 
movement, and provocation of complaints (e.g., cervicogenic headache, neck pain, 
stiffness,dizziness) (grade D evidence);
• a test for muscular stability and cervical propriocepsis (grade C evidence).3467
In addition, other functions such as muscle strength, tenderness or regional sensory 
changes may be tested (grade D evidence). A pins-and-needless sensation or numbness 
in the history taking indicates the need for specific neurological examination: muscle 
strength, reflexes, sensation and the slump test.78 Neurologic deficits require consultation 
with the general practitioner or neurologist; treatment of this group of patients is beyond 
the scope of this guideline.
Analytic process
Combining the information from referral, history taking and physical examination 
completes the diagnostic process.28 Table 5 presents some questions whose answers of 
which will summarize the relevant information from the diagnostic process.
The physiotherapist subsequently decides whether there is an indication for treatment 
and decides on the treatment plan. If prognostic factors associated with delayed recovery
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or at least three of Waddell's features are present, psychological factors are most likely 
responsible for the reporting of pain and delayed recovery.74 These features have been 
thoroughly studied in chronic low back pain patients and are likely equally applicable in 
those with chronic neck pain patients.8 74 Moreover, these features and signs of overt pain 
behavior or regional sensory changes indicate the need for behavioral treatment goals 
and interventions for physiotherapists.8
When there are specific symptoms such as vertigo or memory problems or specific factors 
such as a passive coping strategy or pain behavior that are difficult to influence, the 
physiotherapist is advised to consult the referring physician.
Treatment plan
The primary goal of therapy is a quick return to normal daily activities and the prevention 
of chronicity.48'56Therefore, active interventions are recommended (grade A evidence).3544 
A distinction should be made between patients with normal and those with delayed 
recovery.
Table 5. Questions that summarize relevant information of the diagnostic process in whiplash patients: be 
answered by the physiotherapist
Questions to be answered by the physiotherapist_____________________________________
Which health problems related to the whiplash injury are present?
In which phase is the patient situated according to the Quebec Task Force on WAD?
What are prognostic factors related to recovery?
Does the patient use passive or active coping?
Which factors can be influenced by physiotherapy?
Is the recovery expected to be normal or delayed?
WAD = Whiplash-Associated Disorders
In whiplash patients with a normal recovery, treatment goals are set at the level of ac­
tivities (e.g., lifting,carrying, walking,and performing tasks) and/or related impairments in 
functions (e.g., cervical range of motion or muscular stability). In whiplash patients with 
delayed recovery, the main goals are to influence factors that are possibly responsible for 
poor progress and to improve active coping strategies.
Table 6 shows the main treatment goals in different time periods following the accident 
for both normal recovery and delayed recovery. For example, patients who are referred to 
physiotherapy in phase 3 (3 to 6 weeks since the accident) are treated according to the 
main treatment goals in this phase, which depend on the rate of recovery. If necessary, 
however, the physiotherapist can change these goals and their treatment and return 
to treatment goals for phase 2. Figure 1 gives a summary of the diagnostic process in 
whiplash patients.
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'VAS: Visual Analogue Scale; *NDI: Neck Disability Index
Figure 1. Summary of the diagnostic process 
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The therapeutic process
Recommendations for treatment goals and interventions in five distinct phases
The timeframe of the Quebec Task Force provides a guide for the clinical management of 
whiplash56 combined with the classification of normal or delayed recovery.
Phase 1 (<4 days)
Beginning with minor soft tissue damage from the whiplash trauma, a period (< 2 days) 
of inflammation followed by a period (< 6 weeks) of regeneration can be expected.36 
Therefore, the guideline recommends that the patient in phase 1 'act as usual without 
pain provocation'.
The treatment goals in phase 1 are to reduce pain, provide information, and explain the 
consequences of whiplash. To reach these treatment goals, recommend education and 
frequently repeated active cervical movements within the comfortable range (grade 
A evidence).35'44'5456 Advice to rest or to wear a soft collar is not recommended (grade 
A evidence).35'44'5456 In consultation with the physician, non-steroidal anti-inflamma- 
tory drugs (NSAIDs) may be advised for patients with a high intensity of pain (grade A 
evidence).56
The physiotherapist will inform the patients about the nature of the injury,askthe patients 
what he or she expects about the prognosis, and explain the risk of the development of 
chronic pain despite the expected benign natural course of whiplash. For example, the 
patient is advised that withdrawal from normal activities because of neck pain and failure 
to move the neck may lead to postural impairments with chronic symptoms.4'7'37 Also, 
gaining weight, dealing with litigation5, using a soft collar, and relying on medication 
rather than on activity4'44'5456 may delay normal recovery.
Phase 2 (4 days to 3 weeks)
Treatment focuses on increasing functions and returning the patient to ordinary activities 
as soon as possible.To attain these goals, it is important to inform and reassure the patient
Table 6. Main treatment goals in different time periods since the accident
Treatment goals Phase 1 Phase 2 Phase 3* Phase 3t Phase 4-6* Phase 4-6t
«  4 d) (4-21 d) (3-6 w) (3-6 w) (> 6 w) (> 6 w)
Reducing pain X
Providing information and explaining X X X X X X
the consequences of whiplash
Improving functions X X
Increasing activities and participation X X
Minimizing delay in work participation X X
Improving active coping strategies X X
* normal recovery; t  delayed recovery; d days; w weeks
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about the benign nature of the symptoms and to explain the risk that chronic pain may 
develop. Furthermore, graded activation may prevent fear of movement.
The following treatment goals are set: providing information, explaining the 
consequences of whiplash, improving functions (e.g., muscular stability, range of motion, 
pain) and activities (e.g., reaching, pushing, walking, maintaining postures). Interventions 
such as education, exercise therapy, and training of functions and activities are advised 
(grade A evidence).35'4456
It is recommended that the patient be informed about the nature of the injury, the 
absence of serious pathology, the benign natural course of whiplash, posture, ergonomics, 
the importance of staying active and resuming activities as soon as possible, and the 
importance of self-efficacy.42 Patients will be taught to increase their activities gradually. 
They should be informed about the duration of activities and time to recover,and told that 
activity is helpful and too much rest is not. It is also important to explain that resuming 
usual activities may be temporarily painful but not harmful in this phase.
Phase 3 (3 to 6 weeks)
In this phase, functions, activities and participation are increased to a level of tolerance. 
The treatment becomes focused on improving activities rather than on pain reduction. 
Negative beliefs and/or passive coping strategies need to be corrected. Physiotherapists 
have to make sure that they do not over emphasize the physical aspects and ignore the 
psychosocial factors.
For normal recovery, the treatment goals are as follows: providing information, 
explaining the consequences of whiplash, improving functions (e.g., muscular 
stability, muscle strength, body posture, concentration, attention), increasing 
activities (e.g., changing postures, activities related to work, housekeeping or recreation), 
and increasing participation (e.g., work, housekeeping, social activities). To reach these 
treatment goals, interventions such as education and training of functions and activities 
(grade A evidence) are recommended.35'44'56
For delayed recovery, the main treatment goals are as follws: improving active coping 
strategies and self-efficacy. Interventions such as education, exercise therapy based on 
behavioral principles, and training of functions and activities (grade A evidence) are 
recommended.35'44'56
Especially in patients with delayed recovery, it is important to stimulate effective coping 
strategies, increase feelings of self-control, and decrease distorted ways of thinking about 
pain for instance catastrophizing ideas or fear of movement.To prevent or influence fear 
of movement, it is recommended to build up activities gradually and construct positive 
movement experiences, especially for those kinds of activities the patient tends to fear or 
avoid (grade D evidence in whiplash; grade B evidence in chronic pain).70'72
9 4
Guidelines for whiplash
Phase 4 (6 weeks to 3 months)
Treatment is focused on increasing activities and participation in case of a normal recovery. 
The main treatment goals are providing information, explaining the consequences of 
whiplash, and improving the level of activities and participation.
In patients with delayed recovery, the focus is on influencing the way patients cope with 
their problems. The main treatment goals are improving active coping strategies and 
acquiring self-control over symptoms and exacerbations. These patients will be actively 
involved in the treatment process and must be dissuaded from assuming a passive role 
and waiting to be cured by the physiotherapist.72 The recommended interventions are 
education, training of activities, exercise therapy based on behavioral principles and 
exercise therapy (grade D evidence in whiplash; grade A evidence in chronic pain).35'5640'
46,61,62,64,65
In addition, patients in phase 1 to 3 should be reassured that their symptoms do not 
signify chronic damage or chronic injury.78 Explaining the influence of psychologic and 
social factors on recovery can help patients understand chronic pain and participation 
problems. These explanations may help patients find alternative explanations for their 
symptoms (reconceptualization of pain), restructure false disease beliefs, and alter their 
coping strategies. Factors that are negatively associated with participation in work have 
to be considered, and if possible influenced. In consensus, the experts concluded that it is 
also useful to provide information about alternative ways of performing activities, e.g., to 
alter the duration of activities, frequency or velocity of tasks, or the nature of some activi-
The graded activity exercise program based on behavioral principles will help patients to 
improve their level of activities independent of pain and may change their ideas about 
pain.7174 The activity level should be increased by planned fixed increments over a period 
of time.The baseline level depends on the present capacity of the patient. Activity levels 
are increased on a time-dependent, not symptom-dependent, basis. The rate and size of 
the increments depend on the load tolerance and self-control of the patient.The essence 
of the program is to develop an individualized graded exercise program that helps the 
patient to increase the level of activities. It is important to tell patients that progressive 
incremented activity levels may also lead to a progressive decrease in pain.13Graded acti­
vation should primarily devote attention to activity levels in normal daily living because 
many beliefs and kinds of behavior are specific to that setting.
Phase 5 and 6 (> 3 months)
Patients with long-lasting participation problems, disabilities, and impairments have 
less chance of recovery than do patients with more acute symptoms.5658 The authors 
recommend the same treatment goals as in phase 4 and recommend a therapeutic 
approach, consisting of increasing activities and participation based on behavioral
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principles (grade D evidence in whiplash; grade A evidence in chronic pain).40'46'61'62'64'65 
Treatment focuses on increasing health behavior with graded activation, promoting 
feelings of self-control, and thinking positively about pain. The referring physician may 
be consulted about a specialized psychologic referral for patients with major psychologic 
problems such as depression or anxiety, or for those who fail to respond to treatment. 
A multidisciplinary team approach can also be considered for these patients (grade C 
evidence in whiplash; grade A evidence in chronic pain).47'66'31'32'62
Evaluation
The authors recommend evaluation of the treatment goals and responses to treatment, 
during the treatment process and after the treatment period, using adequate, reliable 
and valid measurements that cover the same domains as the treatment goals (e.g., 
Neck Disability Index for impairments and disabilities, Visual Analogue Scale of pain 
for impairments, Coping Strategies Questionnaire for coping and self-control). It is 
important to inform the general practitioner about the patient's progress and reasons for 
terminating or continuing treatment.The authors recommend communicating with the 
referring physician if the patient's health state changes minimally or not at all.Treatment 
should be terminated if health problem is resolved or if the treatment goals are reached. 
Treatment should also be terminated and the referring physician contacted if no more 
positive treatment effects can be expected. Figure 2 shows a summary of the therapeutic 
process.
Discussion
This guideline may be considered as a state-of-the-art document that assists 
physiotherapists to make diagnostic conclusions and therapeutic decisions. The main 
benefits of clinical practice guidelines are to improve the quality of care, to provide unifor­
mity in care, and to make physiotherapy more transparent to the referring physician and 
patients.19'27'2855 The clinical practice guidelines are not intended to be applied rigidly (no 
'cookbook therapy') but should be followed in most cases. Physiotherapists may deviate 
from the guideline if there are good reasons to do so. The content of this guideline is 
based on scientific evidence when it was available. Unfortunately, evidence related to the 
diagnosis and treatment of WAD was sparse and often of poor methodologic quality. Con­
clusions of systematic reviews formed the main basis of intervention recommendations. 
On the basis of recent evidence, the authors support the active approach of the Quebec 
Guideline for patient care.35'4454 Because not all recommended interventions are evidence 
based, this guideline may contain some bias. A risk of consensus-based recommenda­
tions is that these recommendations may be wrong or inferior to other options.77 Users of 
guidelines must be able to determine which parts are based on evidence and which parts
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are based on consensus among experts. Grol et al.20 have shown that recommendations 
that are based on evidence are followed more often than those that were not. 
Evidence-based recommendations should not be regarded as the optimal treatment for 
each patient. Patient characteristics in research may be different from individual patient 
characteristics in daily practice, which makes it difficult to estimate whether the results 
of these studies are applicable to individual patients. The use of guidelines requires the 
physiotherapist to be constantly aware of specific patient characteristics and the appli­
cability of evidence-based recommendations.This will help physiotherapists in decision 
making and in optimizing the quality of care.
The present guideline has been developed primarily for physiotherapists. In the Dutch 
health care system, physiotherapy is accessible only after referral by a physician. Specific 
reasons for referral are still unknown.To prevent overmedicalization, not every whiplash 
patient should be referred for physiotherapy. The physician may adequately treat many 
patients. The authors assume that providing adequate information, explaining the 
consequences of whiplash, explaining why chronic pain develop in some patients, and 
advising to increase activities gradually can also be performed by physicians.This means 
that part of this guideline may also be useful to physicians. When medical professions 
have knowledge about the guidelines of allied health professions (and vice versa), the 
authors believe that the quality of health care can be further improved and uniform care 
can be provided by different professionals.
An important goal of this guideline is to prevent chronicity in whiplash patients. The 
presence of prognostic factors, such as decreased mobility of the cervical spine, pre­
existing neck trauma, and some of Waddell's features should alert physiotherapists to the 
possibility of chronicity. However, the authors do not know the relative strength of each 
of these potentially prognostic factors. More research is needed to develop a prognostic 
patient profile consisting of factors that predict outcome in whiplash patients. An early 
distinction between whiplash patients with either a normal or a delayed recovery would 
allow early selection of patients who need additional treatment such as physiotherapy 
and would help to set treatment goals. Furthermore, given the scarcity of scientific 
evidence, the authors strongly recommend that more randomized clinical trials (RCTS) of 
high methodologic quality be conducted on the effectiveness of physiotherapy interven­
tions for WAD, particularly regarding education, exercise therapy and graded re-activation 
for patients with chronic WAD.
To maximize its effect, a guideline should be evidence based, feasible, and easily 
applicable in clinical practice.101920 The results of the field test showed that the guideline 
was clear and easy to understand (84%), that the recommendations were adequately 
described and were compatible with existing views, and that the language was clear and
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consistent. Seventy-seven percent of the physiotherapists considered that the guideline 
was specific for whiplash, that the recommendations provided detailed advice regarding 
appropriate strategies in different situations and in different patients, and that the 
guideline explained clearly which prognostic factors should be taken into account. Criti­
cisms concerned the scope of the guideline, the distinction between normal and delayed 
recovery, and the treatment period. Because most physiotherapists were not aware of the 
classification of WAD according to the Quebec Task Force, the authors added Table 1 to the 
guideline.To enable patients with normal recovery to be distinguished from those with 
delayed recovery, the authors decided in consensus that a patient demonstrates delayed 
recovery if there are no or only small improvements in the level of activities or participa­
tion within 4 weeks after the whiplash trauma. Most of the physiotherapists (77%) found 
that the guideline was applicable in daily practice, although the use of specific outcome 
measures, such as the Neck Disability Index (NDI) is not yet considered 'usual care' in 
The Netherlands, and not every physiotherapist has knowledge of psychosocial factors. 
Furthermore, the field test showed again that 77% of the physiotherapists found that the 
guideline was based on scientific evidence and that the evidence was straightforward and 
not conflicting.
Physiotherapists who use this guideline need to understand the natural course of 
whiplash, the influence of prognostic factors, the available scientific evidence, and the 
principles of behavioral therapy. Moreover, they need skills in communication, training of 
functions and activities, and behavior therapy. The authors acknowledge that behavior 
therapy is not within the primary scope of physiotherapy, but they are convinced that 
physiotherapists can appropriately use behavioral principles to change the movement 
behavior of the patient. Because education and progressive exercises are important 
contents of behavioral therapy, the authors believe that physiotherapists are able to 
provide this kind of behavioral therapy. By influencing the ability to carry out activities, 
and demonstrating that movement or activity is not harmful and may relieve symptoms, 
physiotherapists may contribute to movement behavior modification and to changes in 
inadequate cognitions about pain and disability. Newton et al.41 showed that personal 
experiences are more powerful to change behavior than giving information and advice 
only.
The use of specific outcome measures to evaluate different dimensions of the health 
problem is not yet 'usual care' in The Netherlands. Nevertheless, the authors emphasized 
the importance of the use of specific outcome measures in the management of whiplash 
patients to evaluate the rate of recovery in a reliable and valid way. Unfortunately, the 
Coping Strategies Questionnaire (CSQ) has not yet been validated in Dutch, and hence the 
authors were not able to recommend this outcome measure in the Dutch version of the 
clinical practice guideline in spite of its additional value in clinical practice.
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An important issue in the development of guidelines is its implementation. Guidelines 
that are not implemented or used properly are useless. Some important attributes that 
determine compliance with guidelines are these: the guideline should be compatible with 
existing values among patients, they should not demand too much change in existing 
routines, and they must be defined precisely and based on evidence.20 These attributes 
have been taken into account in the development process. Implementation activities 
are planned for the future. For useful implementation, the development of effective 
implementation strategies is of the utmost importance.
Conclusion
A clinical practice guideline for physiotherapy management in whiplash patients has 
been developed to assist physiotherapists with providing appropriate care. Unfortunately, 
evidence was sparse, and consensus among experts was also used in different parts of 
the guideline.The guideline reflects the current state of knowledge about effective and 
appropriate physiotherapy care of whiplash patients. More and certainly better quality 
research is needed to validate this clinical practice guideline.
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Dynamic treatment protocol for Whiplash
Abstract
Background and objective: Whiplash concerns a considerable problem to health 
care. Available evidence from systematic reviews indicates beneficial effects of active 
interventions for patients with whiplash injury. In order to evaluate whether a General 
Practitioner or a Physiotherapist should provide these active interventions, we have 
designed a randomized clinical trial.The purpose of this article is to present the design of 
the trial and to provide transparency into the dynamic treatment protocol used.
Patients: Patients with Whiplash-Associated Disorders grade 1 and 2 who still have 
symptoms and disabilities four weeks after the accident.
Interventions: A dynamic treatment protocol consisting of four different sub-protocols. 
The primary aim is to increase their activities and to improve their quality of life. Content 
and intensity of treatment are described.
Outcome measures:The primary outcome measures are: pain and disability.The short­
term effects are measured at 12 weeks and long-term effects at 1 year after the trauma. 
Conclusion: To date, generally the effect of one intervention compared to another 
intervention has been examined. In our opinion, this cannot be considered as usual 
care for physiotherapy or general practice. Therefore, a dynamic treatment protocol has 
been developed to structure the black box of usual physiotherapy and general practice 
treatment.The results of this trial will be available in 0.5 year.
Key words: Conservative treatment, Design, General Practice care, Physiotherapy, Ran­
domized Clinical Trial, Whiplash
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Introduction
Why publish only the design?
Presenting the design at the start of the study provides transparency into the researchers' 
plan of work. For clinical practice, adequate information of the interventions used is of 
the utmost importance. Especially, when health care providers are not very familiar with 
the type of treatment. Another advantage of publishing the design of a trial before the 
results are available, is to prevent publication bias.There are indications that small clinical 
trials with negative results are not as easily published as positive trials1 or will never be 
published at all. The primary aim of this article is to describe the design including the 
theoretical background and the dynamic treatment protocol of our randomized clinical 
trial (RCT) of conservative treatment for patients with Whiplash-Associated Disorders 
(WAD).
Theoretical background
Available evidence
Whiplash has aroused interest for years and still concerns a public health problem. The 
annual incidence of whiplash injury varies in different parts of the world with rates as 
high as 70 per 100.000 inhabitants in Quebec2 and 94-188 per 100.000 inhabitants in the 
Netherlands.3 Evidence of efficacy for conservative treatment is sparse. We used the results 
of a systematic review, which assessed the efficacy of conservative treatments for patients
Table 1. The Quebec severity Classification of Whiplash-Associated Disorders.2
Grade Clinical presentation
No complaint about the neck
0 No physical sign(s)
Neck complaint of pain, stiffness or tenderness only
1 No physical sign(s)
Neckcomplaintand
2 Musculoskeletal sign(s)*
Neckcomplaintand
3 Neurological sign(s)t
Neckcomplaintand
4 Fracture or dislocation
^Musculoskeletal signs include decreased range of motion and point tenderness;! Neurological signs include 
decreased or absent deep tendon reflexes, weakness, and sensory deficits. Symptoms and disorders that can be 
manifested in all grades include deafness, dizziness, tinnitus, headache, memory loss, dysphagia and temporo­
mandibular pain. Grey area indicates the scope of the RCT.
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with Whiplash-Associated Disorders (WAD) grade 1 or 245 to select interventions worth 
studying. The reviewers cautiously concluded that active interventions, such as giving 
advice'to stay active'and 'maintain usual activities; might be effective in acute patients 
with WAD and rest or immobilization using cervical collars might not.45 For acute patients 
with WAD grade 1 and 2, the question remained as to which of the care providers is best 
able to perform these active treatment strategies and which active interventions are most 
effective.Table 1 describes the classification ofWAD in grades.2The trial aims to determine 
whether or not there is a difference in effect between active treatment consisting of 
education and advice given by general practitioners (GPs) compared with education, 
advice and active exercise therapy given by physiotherapists (PTs) for patients with WAD 
grade 1 and 2. Results will be available within 0.5 year.
Biopsychosociaal model
Historically, health care was mainly based on biomedical models, with pain as a signal of 
tissue damage and assumptions that serious tissue damage leads to high levels of pain 
and disability.6 Over the last decade, we have seen a change from a biomedical model 
towards a biopsychosocial model. In the biopsychosocial model the patient is seen as 
a system integrating biological, psychological and social dimensions.78 The model em­
phasizes the role of psychological and social factors in the development and persistence 
of signs, symptoms and disabilities. One of the theoretical principles of our study is that 
acute whiplash trauma may be associated with minor soft tissue damage, which may 
lead to impairments in physical and mental functions and disabilities. No serious injuries 
are expected.9 In most of these patients, lesions in cervical muscles, ligaments, discs, 
vertebrae or nerves cannot be identified even when sophisticated imaging techniques 
are used.1011 Because impairments related to whiplash rated WAD 1 and 2 share the same 
presumed etiology as non-specific neck pain and low back pain1213, we assume that 
relations between impairments and disabilities are time-dependent. In acute patients a 
direct relation between gradual improvement in physical functions and increasing level 
of activities after whiplash injury is expected. In chronic patients, there are no or only 
minor relations between improvements in physical or mental functions and activities,and 
pain will not decrease. In the latter, some psychosocial factors such as inadequate coping, 
fear of movement and job dissatisfaction, may be present and delay recovery, as in other 
pain conditions.1415 Related to the time period since the accident, treatment should focus 
primarily on either, physical impairments and activities or on psychosocial aspects and 
activities. Principles of the biopsychosocial model and knowledge of scientific evidence, 
are used as the theoretical basis for the development of the study treatment protocols.
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Material and method
Flow chart of study design and human protection
Efficacy of active treatment consisting of education and advice (including advice based 
on graded activity) given by GPs in comparison with education,advice and active exercise 
therapy (including graded activity) given by PTs for patients with WAD 1 and 2 is assessed 
in a randomized clinical trial. Figure 1 shows a flow chart of the study design.The study 
is approved by the Dutch Advisory Committee on Ethics in Human Experimentation of 
Nijmegen and Tiel.
Study population
Patients will be recruited from June 1999 to June 2002 by 122 GPs from urban practices 
and physicians from three Emergency Departments of Hospitals in the Middle and South 
of The Netherlands. The population of our study includes acute patients living in The 
Netherlands who present WAD 1 or 2 as the result of a whiplash injury after a road-traffic 
accident and who are aged between 18 and 55 years. In the Netherlands, patients with 
WAD 1 and 2 comprise the largest group of patients, and they are normally treated in 
primary care.To establish an inception cohort, patients with WAD who have symptoms like
Figure 1. Flowchart describing the design of the trial.
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neck pain, headache or dizziness within 48 hours after trauma are eligible for inclusion. 
Patients are excluded if they are diagnosed with a fracture or dislocation of the spine 
(WAD 4), neurological lesions (WAD 3), cervical hernia or past cervical spondylodesis. 
Those with loss o f consciousness, history of previous neck or head injury in the last 3 years, 
and co-morbidities such as systematic diseases, heart/lung diseases, diabetes mellitus or 
central neurological diseases are also excluded, because these may influence patient's 
prognosis or contra-indicate intervention. Patients with insufficient knowledge o f the 
Dutch language to fill in questionnaires are also excluded. All potential participants are 
informed about the trial and are advised to 'maintain usual activities'and 'not to use a soft 
collar'. If necessary,analgesics or NSAIDs are prescribed. Furthermore,all patients receive a 
letter with information on whiplash, the aim o f the study, and patients' rights and protec­
tions in scientific studies.Those who fit the criteria and orally consent are registered and 
their names are forwarded to the research team. Two weeks after the accident (TO), all 
potential participants are assessed by the physician of the research team (HH or ATMB), 
and their eligibility is checked. Additionally, patients psychological status is measured 
using the Symptom Checklist 90 (SCL-90).16 Patients with psychological distress and 
psychiatric illness are excluded (more than 224 points on the SCL-90). Finally, all eligible 
patients willing to adhere to treatment and measurement regimes are asked to give their 
written informed consent.
Functional recovery
To date, there is still no accepted definition of recovery of whiplash injury. From a bio­
psychosocial viewpoint, we decided to define functional recovery in terms of symptoms 
and disabilities.To prevent medicalization, only those patients who still have symptoms 
and disabilities at four weeks after trauma (T1) are randomized. Functional recovery is 
measured on a standardized questionnaire, including four Visual Analogue Scales (VAS); 
one for pain17 and three for activities (work, housekeeping and hobby/sport activities)1819, 
and one question about pain medication use. Cutoff points to determine if patients are 
indicated for treatment (not functionally recovered) are investigated in a pilot study o f 51 
patients who were receiving physiotherapy because of non-specific neck pain, including
Table 2 . Cutoff points for functional recovery.20
Not functionally recovered Functionally recovered*
VAS-pa in 30-100 0-29
VAS-work 0-77 78-100
VAS-housekeeping 0-84 85-100
VAS-hobby/sport 0-65 66-100
^Functionally recovery if pain scores are between 0 -29  or at least tw o  out of three activity scores are between  
the presented borders for functionally recovery.
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whiplash (Table 2).20 Assuming that the use o f analgesics and NSAIDs will decrease VAS 
scores for pain and increase activities, all patients using these kinds of medication are 
labeled as 'not functionally recovered'and included for randomization. Starting from the 
favorable natural course of whiplash, we expect about 50% of the patients to recover 
within four weeks.2 Patients who are considered to be'functionally recovered'will not be 
randomized. They are measured at baseline, to examine possible prognostic factors on 
recovery and, at short-term and long-term follow-up to evaluate the natural course.
Randomization
Randomization using a computerized random-number generator is performed by an 
independent researcher (ACV) not responsible for determining eligibility. Patients are 
prestratified regionally for practical reasons and sampling frame (general practice or 
emergency department). Block randomization is performed. After allocation, the patient 
is referred to either a GP or a PT, based on the randomization schedule.
Blinding
Given the nature of the interventions, it is hard to blind patients and care providers. 
However, the exact content o f treatment is not predefined.This way, we may assume that 
patients are blinded to a certain extent. Outcome assessment is conducted by blinded 
observers (CWMNS, JCAMH, GGMSP) unaware of the treatment given.To ensure blinding, 
patients are repeatedly asked not to reveal any information regarding their treatment 
to the observers. Success of blinding o f the observers is evaluated using standardized 
questionnaires.The blinded observers (CWMNS and GGMSP) will perform data analyses 
and will be controlled by an independent and blinded researcher (APV).
Interventions
Dynamic treatment protocol
Physiotherapists (PTs) and General Practitioners (GPs) will both treat the patients 
according to a dynamic treatment protocol consisting of four different subprotocols (A, 
B, C and D). Depending on the VAS-pain score and the VAS-activity score, the patient is 
allocated to protocol A, B, C or D (Figure 2). Each protocol is characterized by a specific 
treatment strategy, which is based on consensus between researchers, GPs and PTs. No 
strict cutoff points are used. For example, when the point o f intersection of the two VASs 
is situated between A and B, the care provider may choose between protocol A and B. 
Indications for the numbers o f sessions are given per protocol and range from a maximum 
of two times a week during the first six weeks to once in two months. No maximum or 
minimum numbers o f sessions are prescribed. Duration of treatment sessions conforms 
to the Dutch National law and lasts approximately 30 minutes for PT and 10 minutes for
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GP care.Treatment starts at four weeks after the accident. The maximum duration o f the 
intervention period is 9 months (conforming to the Dutch National law). Evaluation o f the 
treatment is planned on fixed time periods. First evaluation is planned after two weeks, 
and if necessary the protocol choice is reset.Thereafter, there will be an evaluation every 
four weeks. It is possible that a patient's protocol changes in time.Treatment is terminated 
when the health problem is resolved or the treatment goals are reached.Treatment is also 
terminated when no further recovery is to be expected.
No activities
Figure 2 . Protocol allocation by VAS scores for pain and activities
Starting points for PT andGPcarearesimilarforall protocols. Protocol A and Bstartfroman 
activity-related strategy that does not focus on pain. Protocol C starts with a pain-related 
strategy during the first two weeks, followed by an activity-related strategy focusing on 
increasing activities rather than on pain reduction. Protocol D also starts with a pain- 
related strategy during the first two weeks; patients are recommended to decrease their 
activities in order to relieve pain,followed by a graded activity strategy unrelated to pain. 
The primary aim for all protocols is to increase activities and to improve the quality of life. 
Only protocols C and D also aim to reduce pain during the first two weeks from the start of
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treatment.The rationale for it is the possible relationship between gradual improvement 
in physical functions (including pain) and an increasing level of activities. From two weeks 
(= 6 weeks after the accident), treatment in all protocols becomes focused on activities 
and psychosocial factors (coping with pain, fear o f movement, self-efficacy, self-control) 
rather than on functions (including pain).
Care providers tailor treatment to the patient's needs by their choice of specific treatment 
goals within the protocols, and they select their appropriate interventions.Table 3 shows 
the main treatment goals and interventions for PT and GP. Specific information on the GP 
and PT interventions is described in the next two paragraphs.
Table 3 . Main treatm ent goals and interventions for PT and GP in protocol A, B, C and D.
Week Protocol Main treatment goals PT treatment GP treatment
1-2 A Explaining the natural course of 
whiplash,absence of pathology and 
i m po rta n ce o f stayi n g a ctive
Education Education
Improving functions: stability, range of Exercises, advice Advice
m otion, balance, coordination, posture
Increasing activities Functional exercises, 
advice
Advice
1-2 B Explaining the natural course o f w h ip ­
lash and absence o f pathology
Education Education
Improving functions:stability,range Exercises, advice Advice
of m otion, balance, coordination,
strength,endurance
Increasing activities Advice Advice
1-2 C Reducing pain Advice, exercises Advice
Explaining the natural course of Education Education
whiplash,absence of pathology and
importance o f staying active
Improving functions:stability,active Exercises, advice Advice
range o f m otion, coordination, posture
Decreasing fear o f movement Education Education
Adapting activities Functional exercises, 
advice
Advice
1-2 D Reducing pain Advice, exercises Advice
Explaining the natural course o f w h ip ­ Education Education
lash and absence o f pathology
Improving functions:stability,active Exercises, advice Advice
range o f m otion, coordination, posture
Decreasing activities Advice Advice
3-end A Increasing activities Functional exercises, 
advice,graded activity
Advice, graded 
activity
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Table 3 . Main treatm ent goals and interventions for PT and GP in protocol A, B, C and D - Continued
Week Protocol Main treatment goals PT treatment GP treatment
3-end A Decreasing fear of movement Graded activity Graded acti­
vity
3-end B Increasing activities Functional exercises, 
advice
Advice
3-5 C Improving functions: stability, range of 
m otion, balance, posture, coordination
Exercises, advice Advice
Decreasing fear of movement Graded activity Graded acti­
vity
Improving active coping,decreasing Education, advice, Education,
distorted ways of th inking about pain graded activity advice, graded
and self-control activity
Increasing activities Functional exercises, 
advice,graded activity
Advice, graded 
activity
3-5 D Improving functions: stability, range of 
m otion, balance, posture, coordination, 
strength,endurance
Exercises, advice Advice to per­
form home- 
exercises
Decreasing distorted ways o f th inking Education, advice Education,
about pain and im proving self-control advice
Adapting activities Advice,graded activity Advice, graded 
activity
6-10 C Decreasing fear of movement Graded activity Graded acti­
vity
Improving active coping, self-control Education, advice, Education,
and self-efficacy o f pain, decreasing graded activity advice, graded
distorted ways o f th inking about pain activity
Increasing activities Graded activ ity ,functi­
onal exercises, advice
Graded acti­
vity, advice
6-end D Decreasing distorted ways o f th inking 
about pain
Education, advice Education,
advice
Improving self-control and self-efficacy Education, advice Education,
o f pain advice
Adapting activities Advice,graded activity Advice, graded 
activity
11- C Improving active coping, self-control Education, advice, Education,
end o f pain, self-efficacy and decreasing 
distorted ways o f th inking about pain
graded activity advice, graded 
activity
Increasing activities Graded activ ity ,functi­
onal exercises, advice
Graded acti­
v ity,functional 
exercises, 
advice
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GP treatment
GP intervention consists o f education and advice, including advice on graded activity. 
The provided information depends on the main treatment goals, which are set in the 
protocols. Information about the nature of the injury, the absence of serious pathology, 
the importance o f staying active and resuming activities as soon as possible, the expected 
prognosis and the riskto develop chronic pain despite the expected benign natural course 
of whiplash is recommended to be provided to the patient during the first two weeks. For 
example, it is explained to patients that withdrawal from normal activities because o f neck 
pain (within protocol A and C in the first week o f treatment) or failure to move the neck 
might lead to postural impairments with chronic complaints (within protocol A, C, D in 
the first week o f treatment).821 Also, dealing with litigation22, using a soft collar and relying 
on medication rather than on activity52123 may delay recovery and is discouraged in all 
protocols. Ergonomic advice about work positioning and pillow size can be given. GPs 
will encourage patients to increase activities, especially those kinds of activities that the 
patient tends to avoid within protocol A, C and D. Activity levels are increased on a time- 
dependent (and not symptom-dependent) basis, using the'graded activity'principles.24 25 
Patients will not perform activities at the GP practice. GPs primarily have a constructive 
and stimulating role in the graded activity program.To discuss the patient's progress and 
enhance his/her motivation, the patients will document performance charts.
PT treatment
PT intervention consists o f education, advice, graded activity and exercise therapy. 
Content of education, advice and general starting points of the graded activity program 
are similar to GP treatment and are related to the main treatment goals that are set. In 
contrast with GP-treatment, the graded activity program is not only performed at home 
but also at the PT practice. Activity levels are increased and immediately trained at the 
PT practice. Direct positive reinforcement is provided to enhance patient's motivation. 
Performance charts are documented at home and at the PT's practice. Exercise therapy 
includes a broad scale o f progressive loading exercises for cervical and shoulder muscle 
functions (stabilization, coordination, strength, endurance, length), articular functions 
(range o f motion), posture and balance (within all protocols in first two weeks; exercises in 
protocol C and D are performed within the pain limitations). Functional activities such as 
carrying, lifting, pushing, throwing a ball, and cycling may also be trained (protocol A and 
C in the first two weeks).
Contrast GP and PT treatment
Contrast between two intervention groups (GP versus PT) is created by the profession 
of the care provider (GP versus PT), duration of treatment session (10 minutes versus 30 
minutes), and intervention possibilities (education, advice, advice on graded activity by 
GP versus education, advice, graded activity and exercise therapy by PT).
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Table 4 . Overview of the data collection and measurements.
Outcome measures 
(Instruments)
TO T1
Baseline
T2 T3
Short­
term
T4 T5
Long­
term
Prognostic factors
Age X
Gender X
Education level X
Employment status X
Marital status X
Insurance type X
Comorbidity X
Pre-existing headache or neck pain X
Seatbelt use X
Head restraint X
Direction o f impact X
Position in vehicle X
Unprepared for collision X
Financial compensation X X X X X X
Neck pain intensity (VAS) X X X X X X
Headache intensity (VAS) X X X X X X
Primary outcome measures
Pain (VAS-pain) X X X X X X
Activities (VAS-activities) X X X X X X
Secondary outcome measures
Quality o f life (SF-36) X X X X X
Cervical range of motion (CROM) X X X X X
Fear of movement (TSK) X X X X X
Coping (PCI) X X X X X
Self-control (MPI) X X X X
Social support (MPI) X X X X
Functional disability (NDI) (DIP) X X X X X
Well-being (WBQ) X X X X X
Dizziness (VAS) X X X X X
Tiredness (VAS) X X X X X
Memory problems (VAS) X X X X X
Medication use X X X X X X
(standardized questionnaire)
VAS, Visual Analogue Scale1718'29; SF-36, Short Form 3 6 3(U1; CROM, Cervical Range Of M o tio n 32; TSK, Tampa- 
scalefor Kinesiophobia33; Pain Coping Inventory, PCI34; MPI, Multidimensional Pain Inventory35; NDI, Neck 
Disability Ind ex3637; DIP, Disability and Impact Profile38; WBQ,Well Being Questionnaire39.
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Black box
Detailed information of treatment is recorded on standardized 'care provider'forms to 
gain insight into the 'black box' of treatment goals, allocated interventions, cointerven­
tions, protocol choices, compliance, treatment period, total number of treatment sessions 
and reasons for terminating treatment. During the intervention period, the use of coin­
terventions such as medication, manual therapy or medical examinations (CT-scan, MRI) 
is discouraged. Patients record details on 'patient forms'to check allocated interventions, 
cointerventions, adverse effects, treatment period and compliance until one year after 
trauma. Forms are recorded weekly (first 4 weeks of treatment), twice a month (4-12 
weeks), monthly (> 12 weeks).
Outcome measurements
Baseline measurement is performed at four weeks after the accident at the start of 
treatment (T1). To prevent information bias, accident related prognostic factors are 
measured at two weeks after the collision (TO). Prognostic factors are chosen with 
reference to the literature.26'28 Our primary outcome measures are: pain and activities in 
daily living (Table 4). Pain intensity and daily activities are measured on a VAS.The VAS is 
regarded as a reliable, valid and responsive assessment tool for pain1729 and other obser­
vations such as functioning, and activities.1819
Secondary outcome measures include quality of life, cervical range of motion, fear of 
movement, coping, self-control, social support,functional disability, well-being, dizziness, 
tiredness, memory loss and medication use (Table 4). In Table 4, we have presented the 
prognostic factors, outcome measures, instruments and tim ing of measurement. The 
quality of measurements is enhanced by randomized sequencing o f the questionnaires 
and regular standardized training sessions for the blinded observers.
Follow-up
Follow-up moments to evaluate treatment are planned at 8, 12, 26 and 52 weeks after 
trauma.The main short-term follow-up moment is set at 12 weeks (T3); main long-term 
follow-up is set at 52 weeks (T5) to evaluate the short- and long-term consequences of 
treatment.
Sample size
The study attempts to enroll 150 patients with 75 per treatment group.This sample size 
is sufficient to detect a difference o f 20% in the primary outcome measures (pain and 
activities) between the GP and PT treatment. A difference of 20% or more is considered 
to be clinically relevant with a power o f 0.8 and a (two-tailed) significant level of 0.05. No 
interim analyses will be performed.
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Statistical analysis
Balance o f baseline variables will be presented in a table to evaluate whether 
randomization was successful. If necessary, adjustments for baseline values will be 
performed and will be considered as covariates in the analyses. Data of primary outcome 
measures are screened for normality, and if necessary logarithmic transformations will 
be applied or non-parametric methods o f analysis will be used. Differences between 
follow-up and baseline values will be calculated and means and 95% confidence intervals 
will be presented for the continuous primary outcome measures for the main moments 
of follow-up (short-term: 12 weeks and long-term: 52 weeks). Analyses between the 
groups are primarily performed according to the'intention-to-treat'principle using SPSS 
statistical software. Patient data are analyzed in the intervention groups to which they 
are initially assigned, including patients not treated according to the assigned treatment. 
Additionally, a per protocol analysis excluding all patients who did not receive treatment 
as allocated will be performed.Comparing the results will indicate to what extent protocol 
deviations may bias the results.
Finally, multiple regression analyses will be conducted to study the influence of prognostic 
factors on the outcome such as age, gender, baseline intensity o f pain and cervical range 
of motion. For all comparisons, a p-value of 0.05 (two-tailed) is considered to indicate 
statistical significance.
Concluding remarks
A new dynamic treatment protocol for patients with WAD 1 and 2 is introduced for use in 
a RCT. All participating care providers have received a training course and an information 
packet at the start of the study.To assist care providers during the intervention period, a 
help-desk is initiated to provide answers on questions from GPs or PTs about appropriate 
intervention choices or practical issues as how to record the'care provider forms'.
Until now, RCTs have generally investigated the effect of one intervention compared 
to another intervention. However, we assume that this cannot be considered as usual 
care. PT (and to a lesser extent GP care) sessions are characterized by a combination of 
interventions. For example, PTs always provide exercise therapy in combination with 
patient-related instructions.40 Therefore, we have developed this dynamic multimodal 
treatment protocol.This protocol structures the black box of interventions. However, we 
will not be able to distinguish the effects of different treatment components because their 
separate and combined effects are not known. We suppose that all these components are 
part of the every day GP and PT treatment.
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patients with Whiplash-Associated Disorders? 
A randomised clinical trial.
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patients w ith  Whiplash-Associated Disorders? A randomised clinical trial.

Effects o f general practitioner care and physiotherapy
Abstract
Objective: To compare the effectiveness of general practitioner care (education and 
advice) and physiotherapy (education,advice and active exercise therapy) in the treatment 
of whiplash associated disorders.
Design: Randomised Clinical Trial.
Setting: Primary care setting in The Netherlands.
Participants: Patients with Whiplash-Associated Disorders grade 1 or 2 who still had 
symptoms or disabilities at four weeks after accident.
Main outcome measures: Primary outcome measures were neck pain intensity, headache 
intensity and work activities. Secondary outcome measures included functional recovery, 
cervical range of motion, disability, housekeeping and social activities, fear of movement, 
coping and general health status. We assessed outcomes at 8,12, 26 and 52 weeks after 
the accident.
Results: 80 patients were randomised to either general practitioner care (n=42) or 
physiotherapy (n=38). At 12 and 52 weeks, no significant differences were found 
concerning the primary outcome measures. At 12 weeks physiotherapy was significantly 
more effective than general practitioner care for improving cervical range o f motion 
(adjusted mean difference 12.3 degrees; 95% Cl: 2.7 to 21.9). Long-term differences 
between the groups favoured general practitioner care, but were statistically significant 
only for some secondary outcome measures including functional recovery (adjusted 
relative risk: 2.3; 95% Cl: 1.0 to 5.0), coping (adjusted mean difference 1.7 points; 95% Cl:
0.2 to 3.3) and physical functioning (adjusted mean difference 8.9 points; 95% Cl: 0.6 to 
17.2).The use of co-interventions was higher for patients allocated to general practitioner 
care than for physiotherapy.
Conclusions: We found no significant differences for the primary outcome measures. 
The long-term effects o f general practitioner care seem to be better compared to 
physiotherapy for functional recovery, coping and physical functioning. PT is more 
effective than GP care on cervical range of motion at short-term follow-up. A referral for 
PT seems useful when patients indicate high initial neck pain or the aim of treatment is to 
improve cervical range o f motion. However, PTs need to pay more attention to the ability 
to perform activities and the potential influence o f psychosocial factors on recovery.
Key words: whiplash, randomised clinical trial, education, physiotherapy, general 
practitioner care, effectiveness
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Introduction
Whiplash injuries and in particular the development o f chronic symptoms and disability, 
are an increasing clinical and social problem. To date, whiplash is usually defined as an 
acceleration-deceleration mechanism o f energy transfer to the neck that results from 
rear-end or side-impact motor vehicle collisions, diving accidents, or other mishaps. The 
impact results in bony or soft-tissue injuries (whiplash injury), which in turn may lead to a 
variety of clinical manifestations called Whiplash-Associated Disorders (WAD).1 The most 
commonly presented symptoms are neck pain and headache.2 The majority of whiplash 
injuries are indicated as WAD grade 1 or 2. These patients indicate neck symptoms 
(grade 1) or neck symptoms with musculoskeletal signs (grade 2), that are usually being 
attributed to soft tissue injuries.
Reports on the course of WAD grade 1-2 show highly variable results. Most patients 
recover quickly and completely but a significant proportion (19 to 60%) develop chronic 
symptoms or disability.34 The evidence o f effectiveness for conservative interventions is 
sparse.5 The results of a systematic review on patients with WAD grade 1 and 2 revealed 
that active interventions, such as advice to 'maintain usual activities' and multimodal 
treatment consisting o f information, exercises and mobilizations show beneficial effects 
on pain and disability, while rest and immobilization using collars did not.5 However, 
there was a paucity of high quality studies. Furthermore, the question remained who of 
the care providers in primary care is best able to provide these active treatment strate­
gies. Therefore, we conducted a randomised clinical trial to compare the effect of active 
treatment consisting o f education and advice given by general practitioners (GPs) and 
active treatment consisting of education, advice and active exercise therapy given by 
physiotherapists (PTs) for patients with WAD grade 1 and 2.
Methods
A detailed description o f the method is described elsewhere.6 
Participants
In total 122 GPs from urban practices and physicians from three Emergency Depart­
ments of Hospitals in the Middle and South o f The Netherlands recruited patients from 
June 1999 to June 2002.The eligibility criteria were: acute WAD grade 1 or 2 as the result 
of a road-traffic accident with symptoms like neck pain, headache or dizziness within 
48 hours after trauma, living in The Netherlands, age between 18 and 55 years. Patients 
were excluded if they were diagnosed with a cervical hernia, past cervical spondylodesis, 
loss o f consciousness, history of previous neck or head injury in the last 3 years, insuf­
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ficient knowledge of the Dutch language to fill in questionnaires, or co-morbidities. All 
potential participants were advised to 'maintain usual activities'and 'not to use a soft 
collar'. If necessary, analgesics or NSAIDs were prescribed. At two weeks after accident, 
the physicians of the research team assessed all potential participants, and checked 
their eligibility. After a qualification period of four weeks only those patients who were 
not functionally recovered (defined as still having symptoms or disabilities or still using 
medication) were randomised and allocated to one of both interventions. The Dutch 
Advisory Committee on Ethics in Human Experimentation of Nijmegen and Tiel approved 
the study protocol.
Randomisation
An independent researcher, not responsible for determining eligibility performed the 
randomisation using a computerized random-number generator (block size 4). Patients 
were prestratified for sampling frame (general practice or emergency department), and 
region (Middle or South o f the Netherlands). Allocation was concealed using opaque 
sealed envelopes. A blinded administrative assistant allocated patients by letter and 
telephone to their intervention. The administrative assistant was unaware of the 
randomisation sequence and block-size.
Blinding
Given the nature of the interventions, it was hard to blind patients and care providers. 
However, the exact content of treatments was not disclosed.This way, we might assume 
that patients were naive to the interventions. Blinded observers conducted outcome 
assessment. Success of blinding of the observers was evaluated using standardised 
questionnaires.
Interventions
Dynamic treatm ent protocol
PTs and GPs both treated the patients according to a dynamic treatment protocol 
consisting of four different protocols, based on the patient's needs.6 Treatment started 
after randomisation. The maximum duration of the intervention period was 9 months. 
No maximum or minimum numbers of sessions were prescribed. Duration o f treatment 
sessions lasted approximately 30 minutes for PT and 10 minutes for GP care.Treatment 
ended when the health problem was resolved or the treatment goals were reached. 
Treatment also ended when further treatment was not expected to produce positive 
results.
General Practitioner care
GP care consisted o f education and advice, including advice on graded activity.
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Information consisted of the reassurance that there was no serious tissue damage, 
the importance of staying active and resuming activities as soon as possible, and the 
expected prognosis.7 The GPs explained to the patients that withdrawal from normal 
activities because of neck pain or failure to move the neck might lead to postural impair­
ments with chronic complaints.8'9They also emphasised that using a soft collar and relying 
on medication rather than on activity might delay recovery.5'910 Patients did not perform 
exercises at the GP practice. GPs primarily had a constructive and stimulating role.
Physiotherapy
PT intervention consisted of education, advice, graded activity and exercise therapy.The 
content of the education and advice were similar to GP care. Patients performed graded 
activities at the PT practice, and PTs provided direct positive reinforcement to enhance 
patient's motivation and to let patients experience that it was save to move.11 Exercise 
therapy included a broad scale of progressive loading exercises for cervical and shoulder 
muscle functions (stabilisation, coordination, strength, endurance, length), articular 
functions (range of motion), posture and balance. Functional activities such as carrying, 
lifting, pushing, were also trained.
Outcome measurement
Primary outcome measures were neck pain, headache intensity and work activities in 
daily living. Patients scored these outcomes on a Visual Analogue Scale (VAS).The VAS is 
regarded as a reliable, valid and responsive assessment tool for pain1213, and functioning, 
activities.1415 Secondary outcome measures included functional recovery (VAS), general 
health status (Short Form-36), cervical range o f motion (Cervical Range Of Motion-device), 
fear of movement (Tampa Scale for Kinesiophobia ), coping (Pain Coping Inventory), dis­
ability (Neck Disability Index), and disability in housekeeping and social activities (VAS).6 
Regular standardized training sessions for the blinded observers were organised to 
enhance the quality o f measurements.
Baseline measurements were performed at four weeks after the accident at the end of 
the qualification period. Follow-up moments to evaluate treatment were at 8,12,26 and 
52 weeks after trauma.The main short-term follow-up moment was set at 12 weeks and 
the main long-term follow-up at 52 weeks. The VAS, Cervical Range o f Motion (CROM), 
and Tampa Scale for Kinesiophobia (TSK) were assessed on location (hospital). Patients 
completed all other outcome measures at home. At 52 weeks follow-up, patients received 
only postal questionnaires.
Sample size
The study attempted to enrol 150 patients, 75 per treatment group.This sample size is 
regarded sufficient to detect a difference of 20% (with a power of 0.8 and a two-tailed 
significant level of 0.05) on the primary outcome measures (pain and work activities)
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between the GP and PT treatment. A difference of at least 20% was considered to be clini­
cally relevant.
Statistical analysis
Data o f primary outcome measures were screened for normality, and if necessary we 
used non-parametric methods o f analysis. Effects of continuous outcomes (means with 
95% confidence intervals [Cl]) were expressed as differences between baseline and 12, 
and 52 weeks respectively (the mean improvement). We analysed differences between 
the groups according to the 'intention-to-treat' principle using SPSS for Windows 
version 10.0 statistical software. All data of patients who withdrew from the trial were 
included in the analysis until the time of withdrawal, after which we used the group 
mean (continuous outcomes) or median (ordinal outcomes) to impute the missing data. 
Similarly, group means substituted occasional missing values. Multiple linear regression 
analyses for continuous outcomes, and Cox regression for dichotomous outcomes were 
conducted to adjust for differences between groups regarding potential confounding 
factors on the outcomes. Additionally, we performed per protocol analysis excluding all 
patients receiving co-interventions,and subgroup analyses for patients with high baseline 
neck pain or headache intensity. For all comparisons, a p-value o f 0.05 (two-tailed) was 
considered to indicate statistical significance.
Results
Participant flow and recruitment
In 3 years (June 1999- June 2002) 211 patients were recruited by their GP or emergency 
physician of whom 86 were excluded (Figure 1). Forty-five patients were considered to be 
recovered within four weeks. Therefore, 80 patients were randomised to either GP care 
(n=42) or PT (n=38). All 80 patients (100%) completed the follow up measurement for 
primary outcomes at 12 weeks and 77 (96%) at 52 weeks after trauma. Reasons for w ith­
drawal were loss o f motivation (n=1); recovery (n=1) or being dissatisfied with treatment 
(n=1). The postal questionnaires for secondary outcomes of six patients (5 in the GP 
group and 1 in the PT group) were missing for all measurements (including baseline 
measurement), and these data were not substituted.Therefore, our analyses for secondary 
outcomes included 37 patients in the GP group and 37 patients in the PT group.
Baseline data
Table 1 presents the baseline characteristics o f the patient population.The mean age was 
approximately 32 years, and over 60% were women. Despite randomisation there were 
some baseline differences between the groups with regard to neck pain intensity, work 
activities, gender, pre-existing problems, and number of complaints.
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Figure 1 . Flow diagram describing the progress o f patients through the trial
Treatment
The mean number of treatment sessions for the GP group was 3.9 (± 2.9) and the mean 
treatment episode was 18.8 (±15.2) weeks.The mean number of treatment sessions in the 
PT group was 12.7 (± 12.1) and treatment episode was 19.9 (± 13.5) weeks. GP care was 
mainly aimed at reducing pain, increasing work activities and decreasing distorted ways 
of thinking about pain. The main treatment goals in the PT group were reducing pain, 
improving cervical range of motion, muscle coordination and increasing work activities. 
Patients reported no adverse treatment effects in both groups.
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Table 1 . Prognostic factors and baseline values o f outcome measures*
GP care (n=42) Physiotherapy
(n=38)
Prognostic factors
Age (sd) 33,8(10,3) 31,9 (9,0)
Female (%) 26 (61,9) 27 (71,1)
Education level (%)
Low 12 (28,6) 11 (28,9)
M iddle 20 (47,6) 15 (39,5)
High 10 (23,8) 12(31,6)
Marital status (single;%) 10 (23,8) 7(18,4)
Pre-existing problems (%) 11 (26,2) 15 (39,5)
Seatbelt use (%) 33 (78,6) 29 (76,3)
Head restraint (%) 39 (92,9) 33 (86,8)
Unprepared for collision (%) 31 (73,8) 27 (71,1)
Soft collar > 3 days (%) 5(11,9) 3 (7,9)
High number of complaints (%) 18 (42,9) 13 (34,2)
Radicular symptoms (%) 13(31,0) 10 (26,3)
Primary outcome measures
Neck pain intensity (sd) (VAS-pain) 44,9 (26,6) 58,0 (21,1)
Headache intensity (sd) (VAS-pain) 53,2 (30,3) 56,2 (31,5)
Work activities (sd) (VAS-activities) 36,0 (34,5) 49,5 (35,3)
Secondary outcome measures
General Health status (SF-36)** 50,7(15,8) 49,9(14,1)
Cervical range of m otion (sd) (CROM)
Total range of movement 267,8 (58,9) 255,5 (59,5)
Fear of movement (sd) (TSK) 38,5 (5,9) 37,7 (7,6)
Passive Coping (sd) (PCI)** 40,2 (8,5) 41,8 (8,8)
Disability (sd) (NDI)** 18,5 (9,1) 20,3 (7,0)
Housekeeping activities (IQR) (VAS- activities) 55,5 (30,3 to 88,8) 53,0 (26,8 to 83,3)
Social activities (IQR) (VAS- activities) 80,0 (49,8 to 96,8) 80,0 (55,5 to 95,0)
Pain medication use (%) 15 (35,7) 15 (39,5)
*The values present numbers and percentages (% ), mean and standard deviation (sd) or median and inter­
quartile range (IQR). * *  Postal questionnaires for six patients w ere missing, therefore n = 3 7  GP and n = 3 7  
PT group. VAS, Visual Analogue Scale; SF-36, Short Form-36; CROM, Cervical Range Of Motion device; TSK, 
Tampa-scalefor Kinesiophobia; PCI, Pain Coping Inventory; NDI, Neck Disability Index.
During the period of 1 year the proportion of patients using medication was similar in 
both groups (54.8% in the GP group and 55.3% in the PT group). Five patients (11.9%) in 
de GP group and 6 patients (15.8%) in the PT group were referred for diagnostic measure­
ments such as CT-scan, MRI or neurological examination.Co-interventions such as manual 
therapy or psychological treatment at 12 and 52 weeks (Table 2) were given significantly 
more often to patients allocated to GP care than to PT care (14.3% versus 0% and 28.6% 
versus 10.5%).
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Table 2 . Number (percentage) of patients needing co-interventions at d ifferent follow -up moments.
GP care (n=42) PT (n==38)
8 wks 12 wks 26 wks 52 wks 8 wks 12 wks 26 wks 52 wks
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Allied health care 1 (2,4) 2 (4,8) 4 (9,5) 10 (23,8) 0 0 3 (7,9) 4(10,5)
Other 3(7,1) 4 (9,5) 3(7,1) 3(7,1) 1 (2,6) 0 2 (5,3) 1 (2,6)
Allied health care or 
other 4 (9,5) 6(14,3) 7(16,7) 12 (28,6) 1 (2,6) 0 3 (7,9) 4(10,5)
Allied health care includes physiotherapy, manual therapy, and exercise therapy according to Cesar or 
Mensendieck. Other treatm ent includes chiropractics, osteopathy, psychiatric treatm ent, and psychological 
treatm ent. One patient in the GP group and 2 patients in the  PT groups received allied health care and other 
treatm ent.
Evaluation of blinding
For82.5%ofall patients (n=80) the observers remained unawareoftheallocated treatment. 
At 12 weeks blinding was not successful in 5 patients (1 GP group and 4 PT group).These 
patients accidentally mentioned the allocated treatment. The median score on the VAS 
for blinding (0 mm: no idea of allocated treatment, 100 mm: allocated treatment known) 
was 3.8 (interquartile range [IQR]= 2.0 to 22.5) in the GP group and 9.0 (IQR= 3.0 to 50.0) 
in the PT group. Blinding of the randomisation code was broken after all o f the 52 weeks 
measurements were completed.Thus, blinding could be considered successful.
Intention-to-treat analysis 
Primary outcome measures
Table 3 shows the mean improvement in primary outcomes at different points o f follow- 
up. Substantial improvement over time was observed in both treatment groups (Fig 2,3, 
and 4).There were no statistically significant differences between the groups at 12 weeks 
for all primary outcomes. At 52 weeks patients who were treated by GPs scored signifi­
cantly better on work activities compared to patients treated by PTs. Multivariate analysis 
showed that differences in baseline values of neck pain and work activities had important 
influences on the primary outcomes.The adjusted mean difference showed larger change 
scores on pain in favour o f the GP-group at 12 and 52 weeks follow-up, however still not 
significant. At 52 weeks the improvement of neck pain intensity was greater by 9.3 mm VAS 
for patients treated by GPs, the improvement of headache was greater by 13.0 mm VAS. In 
contrast, the adjusted mean differences for work activities were smaller, and no longer 
statistically different after 52 weeks.
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Mean neck pain intensity (0-100)
■GP care 
PT
weeks since the accident
Figure 2 . Mean neck pain scores during follow -up in patients w ith  Whiplash-Associated Disorders.
Mean headache intensity (0-100)
■ GP care 
PT
weeks since the accident
Figure 3 . Mean headache scores during follow-up in patients w ith  Whiplash-Associated Disorders.
Mean work activities (0-100)
■GPcare
PT
weeks since the accident
Figure 4 . Mean work activity scores during follow-up in patients w ith  Whiplash-Associated Disorders
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Secondary outcome measures
The mean improvements in secondary outcome measures are shown in Table 4. Physio­
therapy scored better than GP care on cervical range o f motion, although not all com­
parisons were statistically significant. The use of coping strategies (PCI-scales relaxation 
and resting) showed a significant difference in favour o f GP care at 52 weeks.GP care also 
showed significantly better results for functional recovery, disabilities in housekeeping, 
and social activities. Some subscales of the SF-36, namely physical functioning, social func­
tioning, bodily pain and general health showed a significant difference in favour of GP 
care at both 12 and 52 weeks. Adjustment for confounding resulted in smaller differences 
between the intervention groups. Statistically significant differences were only found 
in favour o f PT for cervical rotation at 12 weeks, and in favour o f GP care for functional 
recovery, coping strategy (relaxation and resting), physical functioning, and bodily pain 
(SF-36 scales) at 52 weeks. No significant differences were found for all other secondary 
outcome measures.
Subgroup analyses
To investigate whether treatment effects depended on severity of neck pain or headache 
at baseline we conducted subgroup analyses. The results showed that in patients with 
initial neck pain intensity (> 75 mm on VAS) PT was significantly more effective on neck 
pain than GP care at 12 weeks (p=0.013; mean difference: 40.4 mm VAS; 95% Cl: 11.1 to 
69.7). In patients with high initial headache intensity (> 75 mm VAS) long-term effects of 
GP care were larger for neck pain (p=0.03; mean difference: 24.7 mm VAS; 95% Cl: 2.6 to 
46.9) and work activities (p=0.02; mean difference: 39.5 mm VAS; 95% Cl: 8.4 to 70.6).
Per protocol analysis
We performed a per protocol analysis excluding patients who received co-interven- 
tions (e.g. manual therapy, physiotherapy, psychological treatment).The unadjusted and 
adjusted results for the primary outcome measures were similar to those of the intention- 
to- treat analysis with one exception.There was a significant reduction in neck pain at 26 
weeks for patients treated by GPs when compared to PTs (adjusted mean difference: 15.4; 
95% Cl: 1.9 to 28.9). No significant differences were found for headache or work activities.
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Table 4. Mean im provem ent from baseline in secondary outcome m easures and d ifferences in im provem ent between GP care and PT (inten tion-to-treat analysis).
Variable n General Practitioner Care 
(SD)
n Physiotherapy
(SD)
Mean (95% Cl) 
difference between groups
Adjusted# mean 
difference (95% Cl)
Improvement in cervical range 
o f m otion, degrees 
Lateroflexion
12 weeks since the accident 42 7,1 (12,2) 38 11,1 (13,5) -4,0 (-9,7 to 1,7) -4,9 (-10,8 to  1,1)
26 weeks 42 7,6(13,7) 38 10,5(17,4) -2,9 (-9,9 to 4,0) -3,2 (-10,9 to 4,5)
Rotation
12 weeks since the accident 42 5,5 (20,0) 38 18,4 (19,5) -12,9 (-21,8 to -4,1)** -12,3 (-21,9 t o -2,7)*
26 weeks 42 8,4 (26,3) 38 20,5 (25,2) -12,1 (-23,6 t o -0,6)* -9,5 (-22,0 to 3,0)
Flexion-extension 
12 weeks since the accident 42 11,1 (20,3) 38 13,7 (22,1) -2,6 (-12,1 to  6,8) -1,9 (-12,1 to  8,3)
26 weeks 42 14,6 (26,7) 38 21,1 (25,9) -6,5 (-18,2 to 5,2) -5,1 (-17,9 to 7,8)
Total range o f m otion 
12 weeks since the accident 42 23,6 (44,7) 38 43,2 (47,0) -19,6 (-40,0 to 0,8) -19,0 (-40,8 to 2,7)
26 weeks 42 30,6 (60,3) 38 51,9 (59,6) -21,3 (-48,0 to 5,5) -18,3 (-47,3 to  10,8)
Improvement in fear o f move­
ment,TSK (17-68)
12 weeks 42 4,5 (7,6) 38 4,2 (7,3) 0,3 (-3,0 to  3,6) 0,8 (- 2,7 - 4,4)
52 weeks 42 5,7 (6,5) 38 6,7 (6,3) -1,0 (-3,9 to 1,8) -1,4 (- 4,5 -1,7)
Improvement in disability, NDI 
(0-50)
12 weeks 37 5,2 (6,6) 38 5,3 (6,8) -0,1 (-3,1 to 3,0) -0.3 (-3 ,5-3 ,1 )
52 weeks 37 8,4 (7,4) 38 6,8 (6,2) 1,9 (-1,2 to  5,1) 2,0 (-1,1 -5,1)
Improvement in house­
keeping activities,VAS (O-IOO) 
12 weeks 42 15,3 (27,7) 38 10,2 (28,9) 5,1 (-8,6 to 18,8) -0,3 (-13,3 to 14,0)
52 weeks 42 24,9 (24,9) 38 12,0 (28,7) 12,9 (-0,2 to 25,6)* 7,1 (-4,2 to  18,4)
Improvement in social activities, 
VAS (0-100)
12 weeks 42 13,3 (25,1) 38 1,2 (21,1) 12,1 (1,5 to 22,6)* 8,6 (-2,7 to  19,9)
52 weeks 42 19,9 (28,6) 38 7,2(18,2) 12,7(1,9 to 23,5)* 7,8 (-3,6 to  19,3)
Improvement in general health, 
tota l score SF-36 (0-100)
12 weeks 38 14,7(14,1) 38 9,0(15,3) 5,7 (-1,1 to 12,4) 6,3 (-0,8 to  13,5)
52 weeks 38 22,9(13,3) 37 17,0(17,7) 5,9 (-1,3 to 13,1) 4,0 (-3,8 to  11,9)
Improvement in coping strategy, 
PCI
Passive coping
12 weeks 37 4,0 (9,2) 36 3,1 (7,4) 0,8 (-3,1 to 4,7) -0,1 (-4,3 to 4,2)
52 weeks 37 6,8 (8,4) 36 4,2 (8,4) 2,6 (-1,4 to 6,5) 1,8 (-2,4 to  5,9)
Number o f patients functionally 
recovered (%)
Number (%) Number (%) RR (95% Cl) Adjusted RR (95% Cl)
12 weeks 42 18 (42,9) 38 13 (34,2) 1,3 (0,6 to 2,6) 1,4 (0,6 to 3,0)
52 weeks 42 25 (59,5) 38 11 (28,9)** 2,1 (1,0 to 4,2)* 2,3 (1,0 to 5,0)*
*p  <  0,05; * *  p <  0,01. #Adjusted for neck pain intensity, work activities, gender, pre-existing problems, and high num ber of complaints. RR: relative risk.
Cervical range o f motion measured w ith  a Cervical Range Of Motion Device (CROM); Fear of movement rated on the  Tampa Scale for Kinesiophobia (TSK) (17-68): 68  
indicates very severe fear of movement; Disability rated on the Neck Disability Index (NDI) (0 -50 ): 50 indicates very severe disability. Housekeeping and social activities 
rated on a Visual Analogue Scale (0 -100): 100 indicates no disabilities. General health rated on the  Short Form-36 (SF-36) (0-100): 100 indicates very well quality o f life. 
Coping strategy rated on the Pain Coping Inventory (PCI): a higher score means a more frequent use of the coping strategy. Functional recovery defined as no or less 
symptoms or disabilities w ithou t medication use and it is measured on a standardised questionnaire.
C
hapter 6______________________________________________________________________________________________________
 
___
Effects 
of general practitioner care 
and 
physiotherapy
Chapter 6
Discussion
This randomised trial in primary care shows no significant differences between GP care 
and PT on our primary outcome measures. Nevertheless, PT seems to have more effect 
than GP care for patients with WAD on cervical range of motion at short-term follow- 
up. However, in the long-term, GP care is more effective than PT in terms of functional 
recovery, coping and physical functioning. Excluding patients who received co-inter- 
ventions yielded similar results as our intention-to-treat analyses, which indicates that 
protocol deviations did not bias our results.
We need to be careful when drawing conclusions based on our study for several reasons. 
Firstly, high initial pain intensity and work disability were important confounders in our 
study. Previous studies have also shown that high initial pain intensity is an important 
factor for delayed recovery.1617 The PT group had higher scores for neck pain at baseline, 
and therefore more scope for improvement compared to the GP group. The PT group 
also had higher scores at baseline for work activities (that is, were more active), which 
means that there was less scope for improvement on this outcome measure compared 
to the GP group. In this situation adjustment for differences between groups in baseline 
values is necessary to prevent the effects of regression to the mean.The adjusted analysis 
produced larger differences between the groups in favour of GP care with respect to pain, 
but smaller differences with respect to work disability. None o f these differences were 
statistically significant.
Secondly, we were unable to recruit the number of patients we planned.This could have 
influenced the generalisability of our results, and has limited the statistical power o f our 
study. Various measures including newsletters, clinical meetings, telephone calls, and 
small incentives, were undertaken to motivate the participating physicians and enhance 
recruitment.The main reasons for not referring patients were busy office hours, forgetful­
ness and the strict inclusion criteria. Therefore, we feel that the external validity of our 
trial has not been substantially threatened by inadequate patient referral. With respect 
to statistical power o f the trial; most differences between groups were not statistically 
significant. When viewing our primary outcomes more closely, the adjusted mean differ­
ences between groups varied between 9 and 13 mm VAS at 52 weeks follow-up.Taking 
baseline values into account (between 45 en 58 mm on a VAS) this means a difference in 
improvement of approximately 20%. This difference is considered clinically important18, 
and was the basis of the power calculation of our trial. With a larger sample size, we could 
have achieved statistical significance for these relevant differences on our other primary 
outcomes.
A large number o f outcome measures were included in our study.This was important to
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study the impact of our multimodal intervention on biological, psychological and social 
measures of health. However, the large number of tests may have produced spurious 
results (chance findings) due to multiple testing. It is, therefore, important to put more 
emphasis on the magnitude and direction o f our results than on statistical significance. 
The results (adjusted mean differences) were consistent across most outcome measures, 
with increasing effects on primary outcomes in favour of GP care, and beneficial short­
term effects in favour of PT for measures of spinal mobility.
The results of our subgroup analyses also need to be interpreted with caution. Because 
of the small number of patients, it was not possible to adjust for confounding, and the 
risk of chance findings is higher. However, the results o f the subgroup analyses confirmed 
assumptions made before the start of the study, emphasizing the potential influence of 
baseline pain levels on the effects of treatment.
Loss to follow-up was minimized by adequately informing patients before enrolment, 
sending letters before each appointment at the research center, sending birthday cards, 
reimbursing traveling expenses, and a book token when patients had attended all 
measurements. We may assume that these measures have been effective because of the 
small number of lost-to-follow-ups.
Our study implicates that GP care consisting of specific education and advice is a favourable 
treatment option in the long-term for patients with WAD grade 1 or 2. GP care consisted 
of several consultations with detailed education and advice aimed at reassurance and re­
activation, which cannot be considered as usual care for GPs in The Netherlands.GPs were 
trained to administer the treatment protocols and obtained more knowledge on whiplash 
and its treatment.This may lim it the generalisability o f the results of our trial.To optimise 
implementation of this treatment strategy we feel that specific courses on whiplash and 
its treatment should be provided for all GPs.
PT treatment was generally consistent with the Dutch physiotherapy guidelines for 
whiplash.1920 The guidelines have recently been issued, and it is questionable to what 
extent the guidelines are implemented in daily practice. Evaluating the PT treatment in 
our trial, we would like to stress the importance of providing education and advice instead 
of relying on improving functions such as cervical mobility, or muscular stability. In this 
study, improvements in functions had little effect on pain or activities. Although changes 
are being made in the counselling training of PTs,as yet, PTs are generally trained to treat 
functions. Patients also expect PTs to carry out hands-on treatment, such as massage 
and passive mobilisations. This may partly explain the fact that PT mainly impacted on 
functions, and not on psychosocial measures, such as cognition or coping. More training 
will be needed to achieve effective implementation of active treatment strategies for 
whiplash in physiotherapy practice.
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This trial was not placebo controlled or contained a no treatment control group; therefore 
no conclusions can be drawn regarding the overall effectiveness of treatment. Our study 
can only support conclusions based on the relative differences between two active 
treatment groups, and can not demonstrate to what extent treatment has improved the 
natural course o f whiplash.
No previous trials in the literature are comparable with our study examining two active 
interventions for whiplash provided by different care providers. We found one paper that 
presented the design o f a RCT examining the effects o f advice and an individualised sub- 
maximal exercise program under supervision from PTs for chronic patients with WAD.21 
These results are not yet available. Future studies, well designed and o f sufficient size 
should focus on patients at risk for delayed recovery e.g. patients with high initial pain 
levels. Such studies should further establish the effectiveness and cost-effectiveness of 
active treatment strategies for WAD in primary care.
In conclusion, trained GPs are able to treat patients with WAD grade 1 and 2 adequately. 
A referral for physiotherapy is useful only when patients indicate high initial neck pain or 
when the aim of the referral is to improve cervical range o f motion. However, this does not 
implicate that PTs only have to treat functions. More attention to the ability to perform 
activities and the potential influence o f psychosocial factors on recover is needed.
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Prognostic factors for poor recovery
Abstract
Objective: To identify prognostic factors for poor recovery.
Design: Prospective inception cohort study.
Setting: Primary care setting in The Netherlands.
Participants: Patients with Whiplash-Associated Disorders grade 1 or 2 who still had com­
plaints 2 weeks after the accident.
Outcome measures: Primary outcome measure was functional recovery defined in terms 
of neck pain intensity or work disability w ithout medication use. Secondary outcome 
measures included neck pain intensity, work disability and sick leave. Outcomes were 
assessed at 4,12 and 52 weeks after accident. Prognostic factors were identified by logistic 
regression analyses.
Results: 125 patients were included. One year after the injury, 64% of the patients were 
recovered. Factors related to poor recovery were female gender, a low level o f education, 
high initial neck pain, more severe disability, higher levels o f somatisation and sleep d if­
ficulties. Neck pain intensity and work disability proved to be the most consistent predic­
tors for poor recovery.The accuracy of the predictions of the prognostic models was high, 
meaning that the models adequately distinguished patients with poor recovery from 
those regarded as recovered.
Conclusions: Socio-demographic, physical and psychological factors affect short- or 
long-term outcome after whiplash injury. Our results indicate that care providers can 
easily identify patients at risk for poor recovery with a Visual Analogue Scale for initial 
pain intensity and work related activities.
Key words: whiplash, inception cohort, prognostic factors, recovery, neck pain, disability
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Introduction
Whiplash is defined as an acceleration-deceleration mechanism of energy transfer to the 
neck resulting from rear-end or side-impact motor vehicle collisions, but also from diving 
or other mishaps.1 The impact results in bony or soft-tissue injuries, which may lead to a 
variety o f clinical manifestations called Whiplash-Associated Disorders (WAD).1 Whiplash 
injury is a common cause o f persisting neck pain, frequently accompanied by a variety of 
symptoms.2 Moreover, whiplash carries the reputation leading to a disabling and incurable 
condition, being not only a major medical problem but placing also an major burden on 
the health care systems and economics in industrialised countries.
The annual incidence of whiplash injury is not accurately known and varies between 
different parts o f the world.3The estimated incidence rates of whiplash injuries in The 
Netherlands varies between 94-188 per 100.000 inhabitants.4 A significant proportion of 
the patients develop chronic and often intractable and disabling symptoms.1'5'6 
Recently, Scholten-Peeters et al.3 systematically summarised the literature concerning 
prognostic factors associated with poor recovery, and concluded that there was strong 
evidence for high initial pain intensity as a prognostic factor for persisting symptoms. 
Strong evidence was also found for factors which did not influence the outcome: age, 
gender, high acute psychological responses, angular deformity of the neck, rear-end 
collision and compensation. However, these findings were not completely consistent with 
those of an updated review of Côté et al.7 who concluded that age, gender, initial pain 
intensity and radicular symptoms were relevant predictors for the outcome o f whiplash. 
The inconsistent results on the course of whiplash and prognostic factors are probably 
due to differences in study populations and definitions of outcome.
The identification of prognostic factors for patients at risk for developing longstanding 
symptoms or disabilities may facilitate the selection of patients who will most likely 
benefit from early intervention to prevent chronic complaints. The objective o f this 
prospective cohort study was to identify prognostic factors for poor recovery in acute 
whiplash patients at 4 weeks (natural course), 12 weeks (short-term clinical course) and 52 
weeks of follow-up (long-term clinical course).
Methods
Study design and population
The study was constructed within the framework o f a randomised clinical trial (RCT) on 
the effectiveness of early intervention by the general practitioner (GP) or physiothera­
pist (PT) in primary care. A detailed description of the study design and intervention is 
described elsewere.8 After a qualification period of 4 weeks only those patients still having 
symptoms or disabilities or still using pain medication, were randomised and allocated to
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one of both interventions (education and advice by the GP) and (education, advice and 
active exercise therapy by the PT). Patients who were regarded as recovered after 4 weeks 
remained in the cohort and provided follow-up measurements.
Patients were recruited from June 1999 to May 2003 by 122 participating GPs from 
urban practices and physicians from three Emergency Departments of Hospitals in 
The Netherlands. All potential participants to be included in the study were advised by 
their first contact physician to maintain usual activities and not to use a soft collar. If 
necessary, analgesics were prescribed. Those who fitted the criteria and provided oral 
consent were registered and their names were forwarded to the research team. Two 
weeks after the accident, all patients underwent a physical examination by physicians of 
the research team who checked their eligibility.The day of entry into the inception cohort 
was set at two weeks after injury. Criteria to be included in the inception cohort were: 
patients living in The Netherlands, being 18 to 55 years o f age, having a WAD grade 1 or 2 
as a result o f a road-traffic accident who developed symptoms like neck pain, headache 
or dizziness within 48 hours after trauma. Patients were excluded if they were diagnosed 
with a fracture or dislocation o f the spine (WAD grade 4), neurological lesions (WAD 
grade 3), cervical hernia or past cervical spondylodesis,8 and insufficient knowledge of 
the Dutch language. Patient's psychological status was measured using the Symptom 
Checklist 90 (SCL-90).910 The SCL-90 has good psychometric properties.913 All eligible 
patients, willing to adhere to the study protocol, treatment and measurement regimes 
gave written consent. The Dutch Advisory Committee on Ethics in Human Experimenta­
tion of Nijmegen &Tiel approved the study.
Data collection
To examine potential prognostic factors, baseline measurements were performed two 
weeks after collision. All participants were asked to complete anonymous baseline 
questionnaires containing questions on potential prognostic factors.
The following prognostic factors, grouped in six distinct categories, were taken into 
consideration:
1. socio-demographic characteristics (age, gender, education, marital status, health 
insurance,and employment status),
2.crash related characteristics (direction of impact, location in vehicle, seatbelt use, unpre­
pared for collision, head restraint and correctly positioned, traffic situation),
3. pre-existent health problems (previous neck pain, headache, whiplash injury before, 
psychosocial or participation problems, medication use before injury),
4. physical health characteristics two weeks after collision (pain medication use, neck pain 
intensity, total active cervical range of motion [CROM], high number of complaints, ability 
to perform activities in daily living, absent from work),
5. psychological symptoms measured with the SCL-90,910 and
6. other factors (additional diagnostic radiological or imaging techniques in the first two
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weeks, use of a soft co lla to r retained a lawyer).
Participants indicated the intensity o f neck pain and the ability to perform daily activi­
ties on a 100-mm Visual Analogue Scale (VAS).The VAS-score for neck pain ranged from 
no pain (0) to very severe pain (100). The VAS-score for activities ranged from 0 to 100, 
a lower score indicating more severe disability. The VAS is regarded as a reliable, valid 
and responsive assessment tool for pain intensity,1415 and level of physical functioning 
or activities.1617 The maximum active CROM (flexion and extension, left and right lateral 
flexion, and left and right rotation) was assessed with the CROM device.18 Measurement of 
active CROM has high intra- and intertester reliability, with intra-class coefficients ranging 
between 0.92-0.96 and 0.82-0.90, respectively.1819The SCL-90 is translated and adjusted 
for the Dutch population by Arrindell & Ettema.10 It is a self-report, multidimensional 
symptom checklist composed of 90 items, each describing a physical or psychological 
symptom.The instructions require patients to respond on a 5-point scale (ranging from 
"not at all" [1] to "extremely" [5]) to indicate how much an item has bothered them over 
the past last week. Nine subscales have been derived from the instrument, providing a 
profile in terms of: somatisation, obsessive-compulsive, interpersonal sensitivity, depres­
sion, anxiety, hostility, phobic anxiety, sleep difficulty, and "other" (mainly rest items of the 
scale psychoticism). The Dutch SCL-90 subscales has high face validity, high test-retest 
correlation and high internal consistency.1020
The primary outcome measure of the study was whether or not patients were function­
ally recovered. Functional recovery was defined as a VAS-score of less than 30 mm for 
neck pain intensity or a VAS-score equal to or higher than 78 mm for activities, and no 
pain medication use during follow-up. These cut-off points were investigated in a pilot 
study with 51 patients with non-specific neck pain, including whiplash.8 Assuming that 
pain medication would decrease VAS-scores for pain and increase the level of activities, all 
patients using pain medication were labelled as "not recovered"The secondary outcome 
measures were VAS-neck pain intensity (% recovered: VAS-score < 30 mm), VAS-activities 
(% recovered: VAS-score > 78),and return to work (%).The main short-term follow-up was 
set at 4 weeks (natural course), and 12 weeks (clinical course).The main long-term follow- 
up moment was set at 52 weeks. Regular standardised training sessions for the blinded 
observers were organised to enhance the quality of the measurements.
Statistical analyses
Logistic regression models were constructed with the use of baseline variables as 
potential prognostic factors for recovery. Separate models were built for recovery at 4 and 
12 weeks, respectively, and long-term outcomes at 52 weeks.The results o f the analyses at 
12 and 52 weeks were adjusted for treatment effects of GP or PT. A three-stage modelling 
procedure was used. Firstly, a model was constructed for each of the six categories of
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prognostic factors. Secondly, factors with beta-values with p-values less than or equal 
to 0.10 (P <0.05 and P . >0.10) by the Wald test in univariate models were entered into
x in o u t ' '
the category-specific model. Thirdly, these factors were entered into a full multivariate 
model, followed by a stepwise selection procedure (backward elimination [LR], Pin <0.05 
and Pout >0.10), retaining only those variables most strongly related to the outcome at 
issue (Appendix 1).The final model included only factors with beta-values with p-values 
less than 0.05. The results were presented as unstandardised regression coefficients (B) 
and odds ratios (OR) with 95 percent confidence intervals. To give an indication o f the 
predictive power and accuracy (discrimination) of the models the percentage of the 
explained variance (Nagelkerke's R2), the area under the Receiver Operating Character­
istic (ROC) curve, and the percentage of correctly classified patients were presented.2122 
The percentage of explained variance is the variance that can be attributed to the factors 
included in the model.The accuracy o f the final prognostic models was quantified by the 
construction of ROC-curves.28'29The area under the curve (AUC) can be interpreted as the 
probability of correctly identifying a patient with poor recovery from randomly selected 
pairs of patients.23 An area under the curve o f 1.0 means perfect discrimination between 
these two health states. Occasional missing values (<5%) were substituted by the group 
mean. Reported p-values were two-tailed. All analyses were carried out by SPSS software 
packages (version 10.0,1999).
Results
Study population
During a 36-month enrolment period the GPs or emergency physician recruited 211 
patients o f who 86 were excluded (Figure 1). All patients included in the cohort (N=125) 
completed follow-up for the primary outcome measure after 4 and 12 weeks (100%), and 
119 patients (95.2%) after 52 weeks.The reasons for withdrawal were loss o f motivation, 
recovery, lack of time (n=3) and being dissatisfied with treatment.
Baseline characteristics and potential prognostic factors are presented in Table 1. In 
addition to neck pain, a number of subjective and somatic symptoms were reported in a 
substantial proportion of the patients.The top-10 consisted of headache (85.6%), stiffness 
of the neck (84%), shoulder pain (66.4%), low back pain (56.8%), tiredness (52.8%), concen­
tration problems (45.6%), dizziness (42.4%), memory problems (31.2%), nausea (29.6%), 
and arm pain (28.8%).
Outcomes
Table 2 presents the outcomes of recovery after 4,12 and 52 weeks. After 4 weeks 36% of 
the patients were recovered, and this percentage increased to 61% after 12 weeks, and
1 4 9
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Figure 1 . Flow chart describing the inception cohort.
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Table 1 . Baseline characteristics and potential prognostic factors in patients w ith  whiplash associated disorders 
(N = 1 2 5 ): %  (No.) unless otherwise stated
% Reference d ata 1
I. Socio-demographic characteristics
Age (yr) (mean; sd) 34.1(10.1)
Gender (female) 61.6 77
Education (low) 21.6 27
Marital Status (single) 21.6 27
Insurance (private) 24.0 30
Employment status (yes) 92.8 116
-fu lltim e  68.0 85
II. Crash related characteristics 
Direction o f impact
-fron t 11.2 14
- back 60.8 76
-rear-end 16.8 21
-side-impact 11.2 14
Location in vehicle (driver) 82.4 103
Seatbelt use (no) 18.4 23
Unprepared (yes) 68.8 86
Head restraint and correct positioned (no) 32.2 39
Traffic situation (stationary) 56.0 70
III. Pre-existent health status before injury (yes)
Neck pain (yes) 7.2 9
Headache (yes) 13.6 17
Medication use before accident (yes) 27.2 34
Pre-existing problems (yes)a 31.2 39
IV. Physical health status two weeks after collision
Pain medication (yes) 55.2 69
Neck pain intensity (vas-score) (mean; sd)b 42.1 (25.5)
Total cervical range of motion (CROM) (mean; sd)c 279.7 (63.1)
High number of complaints (£9) 27.2 34
Radicular complaints 22.4 28
Work activities (VAS-score) (mean; sd)d 57.2 (44.4)
Absent from work (yes) 49.1 57
V. Psychological status SCL-90 subscales (min-max score)" 
and reference data '(mean and sd)
Somatisation (12-60) 23.0(7.1)
Obsessive-compulsive (9-45) 15.8 (6.2)
Interpersonal sensitivity (18-90) 22.4(5.9)
Depression (16-80) 22.7 (6.7)
Anxiety (10-50) 14.6(4.8)
Hostility (6-30) 7.7 (2.4)
Phobic anxiety (7-35) 8.3 (2.4)
Sleep difficulties (3-15) 5.9 (3.0)
Other (9-45) 10.8(2.3)
General Symptomatic Index (90-450) 131.2(32.1)
16.6 (4.3) 
14.4(3.8) 
27.0 (7.5) 
22.4 (5.7) 
13.5(3.8) 
8.7 (2.9)
8.2 (1.9)
4.9 (2.1)
127.5(26.1)
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Table 1 .  Baseline characteristics and potential prognostic factors in patients w ith  whiplash associated disorders 
(N = 1 2 5 ): %  (No.) unless otherwise stated - Continued
__________________________________________________________ %____________ n______ Reference d a ta f
VI. Other Factors
Diagnostic radiological or other imaging
techniques (yes) 44.0 55
Use of soft collar (> 2 days) 28.8 34
Retained a lawyer (yes) 32.0 40
a Defined as previous symptoms, psychological or participation problem s,b Intensity of neck pain was measured 
on a 100-m m  VAS, w ith  higher scores indicating more intense p a in ,c Active cervical range o f m otion: total score 
in degrees o f later flexion, rotation and flexion-extension,d Work activities measured on a 100-m m  VAS, w ith  
lower scores indicating more disability in work related activities,e SCL-subscales (m in-m ax score): higher scores 
indicates more severity (Dutch S C L -90 )/ Reference data o f Dutch adolescents (normal population [N = 1 0 2 6 ] ).
Table 2 . Outcomes at 4 ,12  and 52 weeks o f follow up in a cohort o f 125 whiplash patients.
4 weeks 
Recovered
12 weeks 
Recovered
52 weeks 
Recovered
% n % n % n
Primary outcome
Functionally recovered a 36.0 45 60.8 76 64.0 80
Secondary outcomes
Neck pain (<30 mm) 41.5 52 66.4 83 73.7 92
Work activities (£78 mm) 48.0 60 64.8 81 79.2 99
Returned to w o rkb 61.2 72 83.6 97 90.5 105
Mean (sd) Mean (sd) Mean (sd)
Neck pain intensity (VAS: 0-100)c 38.8 (28.27) 22.9 (26.6) 18.7 (22.0)
Level o f activities (VAS: 0-100)d 60.7 (38.14) 74.2 (36.2) 84.7 (24.3)
a Defined as a VAS-score < 3 0  mm for neck pain intensity or a VAS-score for activities >  78 m m , and no pain 
medication use at d ifferent times of follow-up. bNumber o f employed people =  116 /125  (9 2 .8 % ).c Pain rated 
on a VAS; higher scores indicates more severe p a in .d W ork related activities rated on a VAS; lower scores indi­
cates more severe disability.
152
Prognostic factors for poor recovery
remained nearly constant until 52 weeks (64%).The figures for the secondary outcome 
measures varied. Mean neck pain intensity after 4 weeks was 38.8 (mmVAS) and decreased 
to 22.9 after 12 weeks, and remained almost constant until 52 weeks o f follow-up (18.7). 
The mean level o f activities increased from 60.7 (mm VAS) after 4 weeks to 74.2 after 12 
weeks, albeit increased more slowly, to 84.7 after 52 weeks. About 61% returned to work 
within 4 weeks after injury, and this percentage increased to 83.6% after 12 weeks and 
90.5% after 52 weeks.
Prognostic factors
The results of the significantly associated univariate and category-specific prognostic 
factors with poor recovery at 4,12 and 52 weeks o f follow up are given in Appendix I.The 
results of the multiple logistic regression analyses are presented in Table 3.
After 4 weeks, 7 of the l 8 factors univariately associated with poor recovery were included 
in the multiple logistic regression model. Higher baseline scores for neck pain intensity, 
somatisation and sleep difficulties, and lower baseline scores for work-related activities 
were associated with poor recovery. The predictive power o f 4 factors included in the 
final model was high: the percentage of patients correctly classified was 88.8% with an 
explained variance o f 65.4%. The accuracy o f the model was good with an AUC o f 0.93 
(95% Cl: 0.88;0.97).
In the model for recovery after 12 weeks, 9 o f the 19 factors univariately associated were 
included in the multiple logistic regression model. Female gender, being unprepared 
for collision, higher baseline scores for neck pain intensity, sleep difficulties, and lower 
baseline scores for work-related activities were associated with poor recovery after 12 
weeks.The predictive power of 5 factors included in the final model was high: the percent­
age o f patients correctly classified was 80.1% with an explained variance of 52.6%. The 
accuracy of the model was good with an AUC of 0.88 (95% Cl:0.82;0.94).
After 52 weeks, 10 of the 19 factors univariately associated with poor recovery, were 
included in the final multiple logistic regression model. Poor recovery was predicted by 
female gender, a low level of education, higher baseline scores for neck pain intensity and 
somatisation, and lower baseline scores for work-related activities. The model correctly 
classified 76.8% of the patients with an explained variance of 45.9%.The predictive power 
of the model was modest to high, and the accuracy was good with an AUC of 0.86 (95% 
Cl:0.80;0.92).
At the 4,12 and 52 weeks o f follow-up, neck pain intensity and work activities predicted 
a significant proportion o f the variance in poor recovery, ranging from 37.9% to 15.7% and 
18.6% to 7.6%, respectively.These two factors contributed the most to the total explained 
variance.The models at 12 and 52 weeks were also adjusted for interventions by the GP
153
Chapter 7
ln  
o  cd
V
(V
(V
<N
LT>
LT>
21
QCo
*
J2
(V
(V
LT>
21
QCo
GO
QC
<
(V
Qi
LT>
21
QC
O
<u
ai
-2i
- O.to
VO
0 0
CM
o \
00
^ r
v o
a) 
>  
o
c c
4—*
o
vo I"-- vq 00
CO i< uo i< vo
'
uo VO ,_s ,_s ,_s
0 » 00 00 uoo VO 00 o \ o \
O O) ' " I
*“ * - '— o '—
r C CM UO oo uo O 00
uo o o o\ o
t—’ t—- t—- t—-
vo <— o vo o
o \ ?— CM CO ?—
uo uo O o \ <—-
's i1 00 <— o <—
uo vo o ,s|-CM uo CM ?— ouo CM O o t—
O o o
CM
UO
CM
CM
CM
O
uo
o \
l< vO
CO o \  O "nT
CM
O
o
CO
"D
c
aj
KJ
Cl
oj
cq
r <
^ rvo
CM
1/1 -Q . —
o
=3
u
£
T3
a.
vO uo 
"nT
CM
o \
O
O
CO
O
VO
CO
o
'^ r
o \
o
o o \ o CM
<—! <—! CO
UO UO
"P0s -sP0s
CM CO o \ ?— vo 00
O o \ CM d CM COo CO UO d
UO 00
CM uo
O o CM
O o d
O ) VO o O )
CO vo CM
00
CM o
VO o \ o 00
O o \ O ) CM
* - d 7 -^ 7 ; r^-O )
VO 6C UO rC dO uo vo o
O o \ p p 6 $
d i—■ CO
uo 00 00 -sP0s - p0s
d
oo CM ?— CO 00o o \ co uo o \
d *” CO vo d
vo 00
r o CM o uo
o O ?— r o
o d d d
u
- p
0 s
u o
"D <D 2 1
a j
u =
O
C u
03 ZD
<
ro 1
u > (U
_> v "D(U
>
4—*
u C =3U
a j rn
o
Q .
X
U
O
U LLI c c
OJ
" c
_o^
>
■*—> 
o  
c
Oo
_i£
OJ
Q J OJ4—><—> 5ro rvj a7ro LO■*—> oro j
CTt xCvj ro
’■*—1 ro l \ E
a3 cd
Q_
o cb" c
<u
i \
> c>
OJ'< v 1—•”r o
OJ VO ro
C £l oo l^ O
II cd _o
< v II 1^0> CDs^ >
O ' ■*—1
u W oocc CC.O
■*—1
OJ , ’o•w> Q_
oo
ro to
o «✓>ro cd 4—<
"C"OOJ uo
5
'ro o
o_ i
X II<u
J 1
a7
- c
ro  + 3
I  <§
I- 03 p  =
O vO —cus^>
ro
L O •w>
a >
<V
OJ =
> CTi
O
ro
C
OJ <C
" O
=
ro V )
a j >
* <
|| ■*—>
fT3
< c •w>
154
Prognostic factors for poor recovery
or PT.The impact of the interventions was only significant at 12 weeks, showing a strong 
negative association with poor recovery (OR = 0.363 (95% Cl: 0.170-0.772, p=0.008).
Discussion
At the time of patient inclusion in the inception cohort a comprehensive set of 
prognostic factors was examined for its ability to predict poor recovery. The results 
revealed that female gender, a low level of education, high initial neck pain, more severe 
disability, higher levels o f somatisation and sleep difficulties were significantly related to 
poor recovery. Demonstrating that socio-demographic, physical and psychological factors 
can affect both short- and long-term outcome. Since, neck pain intensity and work disabil­
ity proved to be the most consistent predictors, these initial physical status characteristics 
have the best prognostic value for patients with WAD grade 1 and 2. It should be noticed 
that a 10-point higher score on the VAS for neck pain intensity or on the SCL-scale somati­
sation will increase the "risk"for poor recovery, for example after 4 weeks after injury, with 
1.4 and 2.9, respectively. A less favourable prognosis was also found for female gender 
after 12 and 52 weeks and fora low level of education after 52 weeks. Women appeared to 
have a fourfold higher"risk"for poor recovery than men.This finding corresponds with the 
results of the systematic review concerning prognostic factors of Côté et al7, but not with 
the one of Scholten-Peeters et al.3 Our results confirms the conclusion o f both reviews that 
high initial pain intensity is a prognostic factor for poor recovery.3'7
Froma biopsychosocial point ofview,we defined functional recoveryasthe percentage of 
patients who recovered with respect to neck pain or to disability without pain medication 
use.8 Although these are based on arbitrary cut-off points, variation o f the cut-off points 
with plus or minus 3 mm on theVAS-scoresfor neck pain intensity or level of activities, did 
not affect the results significantly.
The accuracy of the models is high, with AUCs of 0.93 to 0.86 four to 52 weeks after 
injury, respectively. Based on the results of the study it can be concluded that pain 
and activities measured by a VAS have high prognostic value and accurate predictions. 
However, we should realise that these models may produce lower values for accurate 
predictions among patients studied in other populations.23 Therefore, application of 
our models in different populations and different settings is necessary to confirm the 
generalisability of these models.
In this study we had special interest in the impact of psychological factors on poor 
recovery. The data showed that whiplash patients compared with adults in an open 
population had similar scores on the SCL-90 questionnaire, except for the subscales
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somatisation and sleep difficulties. These variables appeared to be the most important 
prognostic factors of all dimensions on the SCL-90 questionnaire. Although, we assumed, 
a priori, that higher baseline levels o f depression would also predict poor recovery, this 
factor had no prognostic value at all.This can be because depression might be secondary 
to the whiplash injury. Rather, this leads to the interpretation that the depression 
exhibited by patients with whiplash might be secondary to chronic pain. In principle, 
this interpretation is consonant with that o f others who have reviewed the literature 
concerning the psychology o f patients with chronic pain after whiplash.2425
In general, the relationship between symptoms and disabilities may not be strong and 
psychosocial factors are hypothesized to influence the strength of the relationship more 
than physical factors.2627 The results of our study partly support this hypothesis. In our 
study psychological as well as physical factors were significantly associated with the 
outcome.
After 52 weeks 64% of patients was regarded as recovered.This figure is comparable with 
previous reports on the course of whiplash injuries showing that 58% to 76% of patients 
reported improvement of symptoms one year after whiplash injury28'30, and 74% to 98% 
of the patients returned to work.3132 Our study confirms the assumption that the rate of 
recovery strongly depends on the type of outcome measure chosen.This is illustrated by 
a recovery rate after one year, ranging between 64% for recovery the way we defined it, 
to 74% for neck pain and 90.5% for return to work. Complete recovery might be hard to 
expect in our study, because a large number of the included patients had pre-existing 
health problems.
Our sample of patients was studied prospectively,and could be considered as an inception 
cohort of acute whiplash patients in which the interventions were regarded as potential 
confounders.The interventions studied in the RCT were quite strictly protocolised, which 
resulted in less treatment heterogeneity than in most other population-based cohort 
studies. Therefore, it was possible to adjust for the interventions studied.33 This is often 
more difficult in observational research.33 On the other hand it could threaten the external 
validity of the results after 12 and 52 weeks compared with population-based cohort 
studies.23 Otherfactors not measured in the study may have affected the natural or clinical 
course of recovery.
It was very hard to recruit whiplash patients, and we did not recruit the number of 
patients expected.This could be caused by the design of our study, and lead to selection 
bias. Patients not willing to participate in the randomised clinical trial, could also not be 
included into the cohort study.
1 5 6
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Another source of potential bias is the possibility that our models were over fitted. We 
had to include relatively many variables compared to the frequency o f the outcome. Over 
fitting will decrease the stability of the model.
Our model has some implications for clinical practice. If our model proves to be valid 
in other whiplash populations, GPs and PTs can easily identify patients at risk for poor 
recovery by means of the VAS for neck pain intensity and work activities. These Visual 
Analogue Scales are easy and quick to fill in by the patient, and simple to evaluate by the 
care provider. An early influence of these factors could probably prevent poor recovery. 
Future studies are needed to confirm these findings, and should also be focussed on cut­
o ff points for high neck pain intensity and low levels of activities on the VAS to facilitate 
their use in clinical practice.
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Appendix 1.
Results o f the univariate (B-values) and category-specific m ultip le  logistic regression analyses (B 
and p-values)* o f potentia l prognostic factors associated w ith  poor recovery at 4,12 and 52 weeks 
o f fo llow -up (pjn < 0.05 and pout>0.10).
Table 4.
4 Weeks 
B (p-value)
12 Weeks 
B (p-value)
52 Weeks 
B (p-value)
Socio-demographic characteristics
Age (yr)
Gender (female)
- 0.045 (0.023)
0.977(0.017) 1.553 (0.001)
Education (low) 1.669 (0.004) 1.390 (0.007)
Marital Status (single) 
Insurance (private) 0.956
-1.153 (0.047)
0.959
Crash related characteristics
Direction of impact
- front
- back
- rear-end
- side-impact
Location in vehicle (driver)
Seatbelt use (no)
Unprepared (yes)
Head restraint and correctly positioned (no) 
Traffic situation (stationary)
Pre-existent health status before injury (yes)
Neck pain (yes)
Headache (yes)
Medication use before accident (yes) 
Pre-existing problems (yes)a 
Health status two weeks after collision
Neck pain intensity (VAS-score)b 
Total cervical range o f m otionc 
High number o f complaints (£9)
Work activities (VAS-score)d 
Radicular symptoms (yes)
0.822 (0.064)
0.779 (0.057)
0.041(0.001) 0.028(0.042)
- 0.012  - 0.011
2.180 1.306(0.009)
- 0.034 (0.000) - 0.022 (0.000)
1.479
0.825 (0.078)
0.981 (0.018)
0.028 (0.006) 
0.007 (0.037) 
0.952 (0.043) 
-0.014(0.009)
0.947
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Table 4 . -Continued
4 Weeks 12 Weeks 52 Weeks
B(p-value) B (p-value) B (p-value)
Psychological status (SCL-90 scales) *
Somatisation (12-60) 0.150 (0.002) 0.087 (0.008) 0.19(0.009)
Obsessive-compulsive (9-45) 0.252 0.085 0.161
Interpersonal sensitivity (18-90) 0.154 0.133 0.132
Depression (16-80) 0.210 0.087 0.127
Anxiety (10-50) 0.270 0.098 0.167
Hostility (6-30) 0.631 0.238 0.435
Phobic anxiety (7-35) 0.461 (0.082) 0.185 0.196
Sleep difficulties (3-15) 0.405 (0.003) 0.289 (0.000) 0.275
Other (9-45) 0.511 0.227 0.260 (0.027)
General Symptomatic Index (90-245) 0.061 0.027 0.038
Other Factors TO
Diagnostic radiological - imaging techniques (yes)
Use o f soft collar (> 2 days)
Retained a lawyer (yes)
No. o f univariate /category-specific related factors * 1 8 / 7  1 9 / 9  19/10
*  Category-specific factors (in bold) are included in the  final m ultiple logistic regression models. B =  unstan­
dardised regression coefficients.a Defined as previous symptoms or participation problem s,b Intensity of neck 
pain was measured on a 100-m m  VAS, w ith  higher scores indicating more intense pain. Unit is 1 mm  on a 
100-m m  VAS, 'Cervical range of motion device: total score of later flexion, rotation and flexion-extension in 
degrees,d Work-activities was measured on a 100-m m  VAS, w ith  lower scores indicating more disability in work  
related activ ities,e SCL-90 subscales (Dutch SCL-90). Unit is 1 point on the SCL-subscales (m in -  m ax).
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General discussion
Introduction
In this final chapter we discuss the main findings and conclusions o f our thesis 'whiplash 
and its treatment'. Also the difficulties we encountered while conducting a randomised 
clinical trial (RCT) in a primary care setting, and some methodological issues such as 
withdrawals, blinding and some aspects o f the intervention will be critically reviewed. 
Our general aim was to gain insight into the effectiveness o f active treatment for patients 
with Whiplash-Associated Disorders (WAD) grades 1 and 2. Additionally, we aimed to 
identify prognostic factors, which were associated with delayed whiplash recovery. For 
these purposes,a systematic review o f the literature was performed to obtain information 
about effectiveness (Chapter 2), and prognostic factors (Chapter 3).The main focus of this 
thesis was a RCT (Chapter 5-6). Also a cohort study to investigate prognostic factors as­
sociated with poor whiplash recovery was carried out (Chapter 7). Systematic reviews and 
RCTs are common methods to investigate the effectiveness o f therapeutic interventions. 
However, both methods have some advantages and disadvantages.These points will be 
high lighted as well. We will conclude with some recommendations for clinical practice 
and future research.
Systematic reviews on effectiveness and prognostic factors
A relatively cheap and quick way to evaluate the available evidence on the effectiveness of 
conservative treatments for patients with WAD or on prognostic factors is to perform a sys­
tematic review (Chapter 2-3). A systematic review is appropriate for answering questions 
about the main effects o f a treatment or the overall prognosis.1 We obtained a systematic 
summary o f the literature that graded studies according to their methodological quality, 
through which we acquired insight into the available knowledge and gaps in the whiplash 
literature. However, in comparison with a RCT, a systematic review is more conservative. 
New insights will be easier revealed in a RCT than a systematic review.
The available evidence for patients with WAD indicated favourable effects for active 
interventions such as an advice 'to act as usual' and multimodal treatment consisting of 
exercises, advice and psychological support for acute whiplash patients. No conclusion 
could be drawn for chronic whiplash patients because only one low quality trial was found 
(Chapter 2).
In our prognostic review we found strong evidence for high initial pain intensity being 
of significance as prognostic value for persisting symptoms. Several physical (e.g. 
restricted range of motion, high number of complaints), psychosocial (previous psycho­
logical problems), neuropsychosocial factors (nervousness), crash related (e.g. accident on 
highway) and treatment related factors (need to resume physiotherapy) showed limited 
prognostic value for delayed recovery (Chapter 3).
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Qualitative analysis
Although statistical pooling is becoming increasingly popular, the information obtained 
from RCTs or observational studies is often too heterogeneous for statistical pooling.23 
This was also the case in both o f our systematic reviews (Chapter 2-3). The studies 
included in our reviews varied considerably in study population, interventions, type of 
prognostic factors, outcome measures, timing of outcome measures, study quality and 
data presentation.Therefore, a qualitative analysis had to be performed. In our systematic 
review concerning effectiveness, we initially decided to base our conclusions merely on 
high quality studies. As no more than three studies were considered to be of high quality, 
we were not able to draw firm conclusions about the effectiveness of conservative inter­
ventions, and could only indicate a trend for active interventions being effective for acute 
whiplash patients (Chapter 2).
Quality assessment
To date, there are still no strict guidelines for the use o f methodological quality as­
sessment, and the choice o f cut-off points for inclusion or exclusion o f studies remains 
arbitrary. In our experience, it is better to create a best-evidence synthesis by defining 
different levels o f evidence according to Sackett et al4 or van Tulder et al3,and using the 
high and low quality studies to base conclusions to prevent over- or underestimation of 
the effectiveness of an intervention or the overall prognosis.
To discriminate between high and low quality studies, quality assessment must be valid 
and reliable and specific cut-off points for high quality have to be chosen. We believe that 
a score of at least 50% out of the criteria is needed for defining high quality studies.This 
percentage is not particularly high as shortcomings on some important items such as 
blinding, randomisation and the use of intention-to-treat analysis for RCTs56, and items 
such as an inception cohort, restricted drop-out rate and a sufficiently long follow-up 
period for observational studies7 can be compensated by positive scores on other (less 
important) items.
Although the Maastricht-Amsterdam list is frequently used to assess the methodological 
quality of RCTs in the field of the physiotherapy8, and includes all criteria of the validated 
lists developed by Jadad etal.9and Verhagen et al.10,we still know little about its inter- and 
intraobserver reliability.The overall interobserver reliability in our study was substantial 
(Kappa = 0.62), and disagreement occurred mainly because of reading errors and differ­
ences in interpretation of the methodological criteria list. To improve our interobserver 
reliability in the future, a more extensive pilot assessment should be performed including 
agreement on the common interpretation o f the criteria list. We feel the need to perform 
an empirical study for the inter- and intraobserver reliability of the Maastricht-Amsterdam 
list, including the Jadad list9, and the Delphi list10 to obtain systematic information about 
reliability.
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As there are no widely agreed quality criteria for assessing observational studies711, 
we firstly recommend obtaining consensus about the main methodological criteria. 
We assume that the following criteria are of great importance for the conduct of high 
quality prognostic cohort studies: inception cohort used; eligibility criteria defined and 
relevant; follow-up period sufficiently long; drop-out rate restricted; treatment described 
and standardized; prognostic factors measured in a standardized or valid way; outcome 
measured in a standardized or valid way; adequate univariate crude estimates performed 
and reported;and appropriate multivariate techniques performed and reported.
Dimensions of methodological quality
Some have stated that the most important dimension of methodological quality is 
internal validity, and that a quality score should consist only of the sum of internal validity 
items.12 Others disagreed and recommended assessing quality by focusing on several 
methodological aspects, from the design to the reporting.10 Because of the different 
possible definitions of quality and its important effect on the results and interpretation of 
the review, the Cochrane Collaboration Back Review group recently decided by consensus 
to include only the internal validity items.3 In our study, we found a high rank correlation 
between the overall quality score including internal validity, external validity and quanti­
tative items,and the internal validity score and the Delphi score (Chapter 2).Consequently, 
we do not believe that the choice of a specific criteria list has had an important impact on 
the results of our systematic review (Chapter 2).
Also for observational studies we think that internal validity, external validity and quanti­
tative items need to be located into the criteria list to cover the various methodological 
aspects, which are vital for prognostic findings. The impact of the different dimensions 
(internal validity, external validity and quantitative items) on the results of the review is 
still unclear and needs to be investigated in the near future.
Guidelines for conducting and reporting RCTs and observational studies
Adding aspects like criteria for high quality studies, and rules for in- and exclusion to the 
guidelines for conducting systematic reviews31314, and adopting the CONSORT statement 
(Consolidated Standards o f Reporting Trials) for reporting results o f RCTs15 should help us 
to improve future RCTs. Although some suggested guidelines for observational studies 
have appeared716, we still need a standard for observational studies to improve their 
conduct, integrity and reporting. We expect that such a statement will contribute to the 
conduct o f higher quality observational studies in the future, since it incorporates and 
highlights many elements needed to perform an observational study adequately.
1 6 7
Chapter 8
Randomised clinical trial
A more expensive and time-consuming way to assess the effectiveness of interventions 
for patients with WAD, is to conduct a RCT because it is the best design to assess effective­
ness of treatments.1 One o f the main problems encountered in RCTs, is the recruitment of 
patients and the number of withdrawals.17
Recruitment of patients
Also in our study, it was really hard to recruit the required number of whiplash patients. 
We had planned to enrol 150 patients by 50 to 100 GPs over an 18 months period. Starting 
from an annual incidence o f 94-188 per 100.000 inhabitants in The Netherlands18, we 
calculated that a GP (with a standard practice o f about 2500 patients) would see about 
four to five new whiplash patients each year.Taking into account the expected favourable 
course of whiplash and the fact that some patients did not want to participate in research, 
we assumed that merely 25% a 50% of the patients could be included.
Unfortunately, Lasagna's law19 was also appropriate to our study. This law states that 
eligible patients 'disappear'as soon as the recruitment of patients for a trial starts. The 
availability of eligible patients is commonly over-estimated by a factor 7-10.
The number of patients recruited varied between 1 and 14 per month (Figure 1). Most 
patients were recruited from May 2000 up to February 2001, and September 2001 was the 
favourable month for the inclusion of randomised patients.
We tried to optimise the interest and involvement of the GPs, physicians at emergency 
department, practice-assistants and physiotherapists by sending them regularly a news­
letter with whiplash related subjects and a short description of the progress of the trial,
Patient flow per month
05-99 07-99 09-99 11-99 01-00 03-00 05-00 07-00 09-00 11-00 01-01 03-01 05-01 07-01 09-01 11-01 01-02 03-02 05-02
randomised functionally recovered excluded
Figure 1 . Patient flow  per m onth.
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scientific papers, organized clinical evenings, birthday cards, Christmas cards, a poem 
with chocolate Easter-eggs and, a spring card with flower-seed and chocolate letters 
at St. Nicolas. In addition, GPs and physicians received small incentives for each patient 
included. We also made phone-calls as reminder to solve problems rated to inclusion or 
treatment.To simplify the information we provided desktop information leaflets contain­
ing the most important information, the selection criteria and the telephone number of 
the research centre. Nevertheless, our inclusion lagged behind calculation.
Recruitment of general practitioners
To enrol the planned number of patients, we invited 477 GPs after approval from the 
Districts General Practitioners Association (DHV) in the South of the Netherlands to par­
ticipate in our study.Only 62 GPs (response rate 13.0%) were willing to participate mainly 
because GPs had a double task in the study;firstly, to recruit patients, and secondly to treat 
the allocated patients according to a specific treatment protocol. Because the number of 
62 GPs was too small to recruit the 150 patients over the planned period, we expanded our 
region by 53 GPs (response rate 11.2%), and recruited physicians at 3 emergency depart­
ments in the Middle and South of the Netherlands. One year after starting recruitment 
only 31 patients were included for randomisation. Thus, again we expanded our region 
(acquired 43 extra GPs, response rate 11.3%), and extended the recruitment period till 
36 months. During the recruitment period 36 GPs ended their participation because of 
business, loss of interest, disease or retirement. Participating GPs and PTs who treated 
patients received reimbursement for the extra time spent on completing forms and for 
working according to the dynamic treatment protocol.
Only 47 (38.5%) o f the GPs actually registered one or more patients in our trial. This 
percentage is rather low compared to the percentages in other trials.2021 Probably, GPs 
were less involved in our study due to the lower incidence of whiplash compared to 
non-specific neck pain or epicondylitis, busy office hours, possible consequence to treat 
the referred patients themselves according to a specific and time-consuming treatment 
protocol, and organisational changes in the field of GPs (the arrival of GP headquarters) 
during the study period.
Recruitment of physiotherapists
Recruitment of PTs was guided by the principle that each participating patient should 
be able to visit a PT in his or her own neighbourhood.Therefore, we recruited PTs equally 
distributed over the participating areas o f the study after approval o f the Regional Asso­
ciations of Physical Therapy (RGF).This resulted in a relatively high number of PTs: 302 PTs 
(total response rate 17.2%). All these PTs were informed about the trial and trained to use 
the protocol. Only 38 of the 302 PTs actually treated a patient according to the dynamic 
treatment protocol.The remaining PTs did not receive any patient, but were kept informed
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during the study period. Because o f the low percentage o f GPs really registering whiplash 
patients, we included too many PTs into the study.This took us extra time and money. But 
moreover, some PTs were really disappointed that they were not involved in the study. 
Nevertheless, they could use their knowledge and skills for other than trial patients. For 
future research, it is to consider recruiting PTs related to referred patients instead o f the 
research area.
It was not possible to recruit patients from PTs because these patients were already 
referred to PT. When these patients would be allocated to the GP-group, they had to end 
their physiotherapeutic treatment, which was not considered to be ethic and desirable.
Influence of recruitment on statistical power
Our sample size of 150 patients was based on the assumption to detect a difference of 
20% with a power o f 0.8 and a two-tailed significant level of 0.05 on the primary outcome 
measures between the GP and PT treatment. A difference of at least 20% was considered 
to be clinically relevant. Most o f our differences between the groups were not statistically 
significant. When viewing our primary outcomes more closely, the adjusted mean differ­
ences in improvement between groups were approximately 20% in favour of GP care. 
This difference was considered clinically important. With a slightly larger sample size, we 
could have achieved statistical significance for these relevant differences on our primary 
outcomes.
Withdrawals
Another common problem in RCTs is the withdrawal of patients after randomisation.17 
Only 3 patients (3.8%) withdrew from our RCT.This percentage is very low and could be 
caused by the extensive information about the trial and the randomisation procedure 
before enrolment, explanations by the GP or physician at the emergency department 
and information by the research physicians. Moreover, travelling distances to the research 
centres were minimised, travelling expenses were reimbursed, and we tried to perform 
all o f the follow-up measurements for one patient by the same assessor.To keep patients 
involved in the study period, we sent birthday cards, newsletters, and reminders for their 
appointment at the research centre. We may assume that these measures have been 
effective because of the small number o f withdrawals. Some patients (n=6) did not fill- 
in the postal questionnaires, but attended all o f the appointments. Telephone calls and 
letters did not convince them to complete the questionnaires.
Criteria for functional recovery
As there was no accepted definition of recovery for whiplash in the literature, we decided 
from a biopsychosocial point of view to define functional recovery in terms of symptoms 
or disabilities.To prevent medicalization, only those patients who still had symptoms or 
disabilities at four weeks after trauma were indicated for treatment. We measured func­
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tional recovery on a standardised questionnaire including Visual Analogue Scales for 
pain and activities. Cut-off points to determine if patients were indicated for treatment 
(not functionally recovered) were investigated in a pilot study of 51 patients who were 
receiving physiotherapy because of non-specific neck pain, including whiplash (Chapter 
5). All o f these patients still had treatment goals to be reached. Assuming that the use 
of analgesics and NSAIDs would decrease VAS scores for pain and increase activities, all 
patients using pain medication were labelled as'not functionally recovered'and included 
for randomisation. As these criteria are not (yet) validated, they may contain some bias. It 
is possible that patients with mild symptoms at baseline were considered as functionally 
recovered, but relapsed and needed treatment to improve recovery after all. As we still 
do not understand exactly what the influence is of medication use on VAS scores for pain 
and activities, those patients who used pain medication at baseline might wrongly be 
considered as'not functionally recovered'. Evaluation of the natural course of the patients 
labelled as 'functionally recovered' (n= 45, and not randomised to one of the treatment 
groups), demonstrated that 38 (84.4%) did not receive any form of treatment during the 
period of 1 year after accident.
When we observed functional recovery w ithout the use of pain medication, (thus, only 
related to symptoms or disability), we found that 4 (9.5%) patients in the GP group and 1 
(2.6%) patient in the PT group should be classified as 'functionally recovered' instead of 
'not functionally recovered'. Therefore, we might cautiously conclude that misclassifica- 
tion was probably not relevant to our study.
Randomisation
The randomisation procedure resulted in fairly similar groups at baseline apart from neck 
pain intensity, work activities, gender, pre-existing problems, and number of complaints. 
High initial neck pain intensity and work disability were important confounders in our 
study. Previous studies have also shown that high initial pain intensity is an important 
factor for delayed whiplash recovery.22 23 Because these results were known only after the 
start of our study in 1998, we did not pre-stratify on this variable.
The PT group had higher scores for neck pain at baseline, and had therefore more scope 
for improvement compared to the GP group. The PT group also had higher scores at 
baseline for work activities (that is, were more active), which means that there was less 
scope for improvement on this outcome measure compared to the GP group. In this 
situation adjustment for differences between groups in baseline values was necessary to 
prevent the effects of regression to the mean.
Blinding
Given the nature o f the interventions in our trial, it was hard to blind patients and care 
providers. Because o f the informed consent procedure patients were aware of both in­
terventions under study. Knowledge of the treatment received may have (unconsciously)
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influenced the response to treatment and the report o f the treatment outcome, and may 
have produced some bias. However, the exact content of treatment was not disclosed.This 
way, we might assume that patients were naive to the interventions.
Because of the difficulties in blinding related to the patients and care providers, blinded 
outcome measurement is of great importance. Patients were repeatedly asked by letter 
and before each o f the follow-up measurements, not to reveal any information regarding 
allocated treatment. This procedure proved to be effective because for 82.5% of the 
patients the observers remained unaware of the allocated treatment during the follow-up 
moments.
To prevent bias in analysing the data, we performed data analyses and broke the 
randomisation code after all o f the 52 weeks measurements were completed.
Interventions
Our RCT concerning the effectiveness of GP care and PT for patients with WAD is a so- 
called pragmatic trial studying the effectiveness o f two active'multimodal'treatments in 
a primary care setting (Chapter 5-6). Until now, RCTs have generally investigated the effect 
of one specific intervention (e.g. passive mobilisations) compared to another intervention 
(e.g. a soft collar).2425 However, we assume that the use of only one specific intervention 
could not be considered as usual care because PT and to a lesser extent GP care sessions 
are characterized by a combination o f interventions. For example, PTs often provide 
exercise therapy in combination with patient-related instructions.26 Therefore, we have 
developed a dynamic multimodal treatment protocol. This dynamic treatment protocol 
ensured that content, intensity, number of treatment sessions and treatment episode 
were not prescribed, but tailored to the patients' needs.
A disadvantage o f such a pragmatic trial is the possible lack of clarity concerning 
content of treatment. We have tried to overcome this by developing a written treatment 
protocol and pre-structured care provider forms (Chapter 5). This protocol included 
a set of treatment goals with corresponding interventions. In addition, background 
information and instructions were given for patient education,advice and home exercises. 
Depending on the diagnostic findings, care providers chose individual treatment goals 
with corresponding interventions. Furthermore, the care providers were asked to register 
detailed information about treatment in specific 'care providers forms'. These forms 
contained information about treatment goals, allocated interventions, co-interventions, 
treatment period and total number of treatment sessions. Forms had to be recorded 
frequently. Unfortunately, GPs and to a lesser extent PT did not register their treatment 
very consistently. The first and the last form were recorded the best. For 54.8 % of the GP 
patients, GPs recorded the first form versus 78.9% of the PTs patients. 40.5% of the GPs 
recorded the last evaluation form versus 73.7% of the PTs. Reasons for not completing 
the forms were time restrictions, difficulties with completion,and forgetfulness.Therefore,
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we lack systematic information about the content of treatment during the intervention 
period, which made our treatment protocol less transparent than we attempted. To 
describe interventions in future research, we still prefer dynamic treatment protocols 
above completely standardised protocols because differences in patient characteristics 
and prognostic factors need to be taken into account. However, the pre-structured care 
provider forms need to be easier and less time-consuming to fill-in than ours.
Moreover, it is the question how the care providers'degree of compliance to the protocol 
was.The results o f the care provider forms showed that GPs treatment was mainly aimed 
at reducing pain, increasing work activities and decreasing distorted ways o f thinking 
about pain, and physiotherapy at reducing pain, improving cervical range o f motion, 
muscle coordination and increasing work activities. It is unclear what the main treatment 
goals were o f the care providers who did not complete their treatment on the care 
provider forms.Therefore, especially for GPs our information about treatment goals may 
be biased.
Another consequence o f a pragmatic trial is the impossibility to distinguish the effects of 
different treatment components. However, we suppose that all of these components are 
a part of every day GP and PT practice. We did not study the effect of attention in our trial. 
Attention is an inseparable part of a GP and PT treatment. In case attention was one of the 
most effective parts of treatment, one would expect PT to be more effective than GP care 
because PTs used more and longer treatment sessions in our study (Chapter 6).Therefore, 
we do not think that attention played a major role in our study.
The observed treatments effects may also, to a certain extent, have been the result o f the 
natural course o f whiplash. All patients were expected to improve even without therapy. 
It is difficult to establish the extent to which the results in this study could be attributed 
to the natural course or the specific effects of the treatments because no control group 
w ithout treatment was included.
Preference for interventions
One may assume that patients have a preference for one of the interventions, which might 
have influenced the results of both therapy and outcome measure. A recent RCT showed 
that only 2% of the patients preferred GP care above PT or manual therapy20, which 
indicated that GP care was not favoured.Therefore, we assume that if patients'preference 
was PT, this did not influence our results to a major extent.
Short-term and long-term effectiveness
Our RCT showed no significant differences between GP care and PT on the primary 
outcome measures pain and work activities at 12 and 52 weeks after accident. PT seemed
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to have more effect than GP care for patients with WAD on cervical range of motion at 
short-term follow-up. However, in the long-term, GP care was more effective than PT in 
terms of functional recovery, coping and physical functioning (Chapter 6). Because a large 
number of outcome measures was included to study the impact of our multimodal inter­
vention on biological, psychological and social measures of health, the large number of 
tests may have produced spurious results (chance findings) due to multiple testing. It is, 
therefore, important to put more emphasis on the magnitude and direction of our results 
than on statistical significance.The results (adjusted mean differences) were consistent 
across most outcome measures, with larger effects on primary outcomes in favour of GP 
care.
The mean number of treatment sessions for the GPs was 3.9 (± 2.9), and 12.7 (± 12.1) for 
PTs. Given the nature of the sub-acute injury and the active treatment strategy including 
stimulating self-management, this number of treatment sessions for PTs seems to be 
rather high. We question to what extent this number can be justified, and we think that 
PTs should focus more on self-management and changing of attitudes instead of treating 
functions such as mobility and stability of the neck.
We found no previous trials in the literature, which were comparable with our RCT 
examining two active interventions provided by two different care providers. One paper 
was slightly comparable with our RCT and presented the design of a RCT examining the 
effects of advice and an individualized sub-maximal exercise program under supervision 
from PTs for chronic patients with WAD.27 Unfortunately, these results were not available 
at the time of publication of this thesis.
Methodological quality
Because evaluation of the quality is essential to decision making, we decided to assess 
the methodological quality of our RCT according to the Amsterdam-Maastricht list and 
the Delphi list by an independent reviewer (RdB). The overall methodological score 
was 14 (maximum score 19) and the Delphi score was 6 (maximum score 9). Bias was 
considered likely on the following items: co-interventions avoided or comparable, care- 
provider blinded, patient blinded, outcome assessor blinded, and acceptable compliance. 
It was very difficult to control for co-interventions in our trial because we could not forbid 
patients to receive,for example physiotherapy, manual therapy or psychology because of 
their complaints. Blinding of care-providers and patients was difficult as the objective was 
to investigate the effectiveness of two interventions by different care providers in primary 
care. Because our primary outcome measures were standardised questionnaires, which 
were completed by the patients, blinding of outcome assessors was irrelevant to the 
study, and scored negatively by the reviewer. Only for our secondary outcome measure, 
cervical range of motion, this item could be scored positive. As the results of the lack of
174
General discussion
information from care-providers forms, we could not describe any information of patient 
compliance to the interventions. Including this RCT in the systematic review (Chapter 2) 
would add a high quality study to the body of knowledge, showing no differences in effect 
between GPs and PTs concerning the primary outcome measures and a beneficial long­
term effect for active treatment provided by general practitioners on some secondary 
outcomes. Adding our research to the systematic review does not lead to a major change 
in the conclusions of the systematic review so far.28
Generalisability of the trial
We noticed that not all whiplash patients were referred to the research centre and enrolled 
into the trial. However, it is unknown to what extent the referred patients differed from the 
not-referred ones, and whether patients in the trial differ from other patients with WAD 
grade 1 or 2 in primary care.The most common explanations given by the GPs for not 
referring patients were lack of time and forgetfulness.Therefore, we feel that the external 
validity of our trial has not been substantially threatened by inadequate patient referral.
Clinical practice guidelines for whiplash
In June 2001, we issued the Dutch clinical practice guidelines for patients with Whiplash- 
Associated Disorders (WAD) grades 1 and 2 to assist physiotherapists in decision-making 
and to improve the effectiveness and uniformity of care. We acknowledged that the 
scientific evidence for the diagnosis and physiotherapeutic management of whiplash 
was sparse, and we used consensus in different parts of the guidelines (Chapter 4). As a 
consequence, the guidelines included more general recommendations such as to provide 
information'to stay active'and to provide active exercise therapy.The exact content of the 
exercises could not be prescribed. The advantage of guidelines despite weak evidence 
is to increase the transparency in patient care. The guidelines started from mainly the 
same evidence and principles as the multimodal treatment protocol in our RCT. But, 
the guidelines were more specific and used a more systematic approach. It is unknown 
to what extent the whiplash guidelines have produced substantial changes in physio­
therapy practice, and to what extent compliance to the treatment protocol was biased by 
the introduction of the guideline. However, we believe that any influence of the whiplash 
guidelines could have been positive for our trial because the guidelines support the active 
treatment strategy in our study. Furthermore, only 12/38 PTs treated whiplash patients 
after the introduction of the guidelines in 2001, and it is questionable to what extent 
the guidelines were implemented at that moment in daily practice because there was 
no active implementation strategy for these guidelines. Therefore, we expected that the 
whiplash guidelines for PTs did not bias our RCT results considerably.
As a consequence of the recently published prognostic review (Chapter 3) and the results
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of our prognostic cohort study (Chapter 7), the prognostic factors as mentioned in the 
guidelines need to be modified. Furthermore, the evidence found in our RCT should be 
added to other (recently published) RCTs,and the results of an updated systematic review 
may show whether the level of evidence for different interventions has changed. This 
evidence should be used to update the physiotherapy guidelines and forms the basis for 
new (multidisciplinary) guidelines.
Implications for clinical practice
The evidence presented in this thesis indicates long-term benefits for reassuring 
education and advice given by trained GPs for patients with WAD grade 1 and 2. GP care 
consisted of several consultations with detailed evidence-based education and advice 
aimed at reassurance and re-activation, which cannot be considered as usual care for GPs 
in The Netherlands. As a result of the special training, the GPs obtained more knowledge 
on whiplash and its treatment.To optimise implementation of this treatment strategy we 
feel that specific courses on whiplash and its treatment should be provided for all GPs.
Patients with high severity of neck pain after accident may be referred for PT to decrease 
pain intensity and improve neck movements. However, also for PTs we would like to 
stress the importance of providing education and advice instead of relying on functions 
such as cervical mobility, co-ordination, and muscular stability because the associations 
between functions and activities are frequently low.29 It seems necessary that Dutch PTs 
change their treatment behaviour and pay more attention to activities and the influence 
of psychosocial factors on recovery to improve patient outcomes on these levels.The PTs 
attitude can have an influence on recovery. If too much attention is paid to pain, and not 
enough to encouraging activity, recovery can probably not sufficiently be enhanced.
However, effective education requires knowledge, educational skills, and the use of some 
behavioural techniques. PTs and GPs need to have and convey confidence in any advice 
they give. Moreover, readiness to change behaviour is determined by interplay between 
attitude (how the individual perceives the change in behaviour), social influences (how 
others see the change in behaviour), and perception of his/her self-efficacy (whether he/ 
she thinks it will work or not).30'32 We feel that insight into these aspects of treatment is 
recommended.Therefore it may be necessary for PTs to follow specific courses on patient 
education and communication. But, changing practice is a slow continuous process that 
takes time. So, it should be useful to re-investigate PT treatment goals and interventions 
for whiplash in a few years.
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Recommendations for future research
Future large high quality RCTs to study the effectiveness of active interventions should 
also focus on cost-effectiveness. Due to the high costs to society associated with sick 
leave and disability for whiplash3334, there is a need to determine the most cost-effective 
intervention. An economic evaluation may provide important information to decision 
makers whether active PT or GP care is more worthwhile.
The optimal timing of the start of an intervention should be addressed to prevent over- 
or under treatment. In addition, studying specific patient groups with high initial pain 
intensity after injury might be desirable to direct treatment and probably prevent chro- 
nicity.
Furthermore, it is useful to provide an evidence-based framework for patient centred 
information and advice on WAD. It seems useful to develop a patient educational booklet 
containing the main evidence-based messages for patients. Accepting that treatment 
time with patients is limited; it is likely to be helpful if the patient can assess the same 
information and advice in written form. Whether this will improve patient outcomes 
should be investigated through new RCTs.
Since there are no multidisciplinary guidelines (with an addendum for each care 
provider) available for the management of whiplash, the development of such a guideline 
would seem to be useful to provide consistent information across professions. A close 
co-operation with clinical practitioners,allied health care providers, patient organizations 
and researchers seems necessary to accomplish such a guideline.
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Chapter 1 describes the introduction of the thesis and the lack of evidence for 
prognostic factors and treatment effectiveness related to whiplash disorders. For a long 
time there has been no consensus on the definition of whiplash. Whiplash has been used 
to describe a mechanism of injury, the injury itself, and the various clinical manifestations 
as a consequence of the injury. The Quebec Task Force (QTF) on Whiplash-Associated 
Disorders (WAD) proposed in 1995 the most commonly used definition:"Whiplash is an 
acceleration-deceleration mechanism of energy transfer to the neck that results from 
rear-end or side-impact motor vehicle collisions, but can also result from diving or other 
mishaps.The impact results in bony or soft-tissue injuries (whiplash injury), which in turn 
may lead to a variety of clinical manifestations called WAD"The most usually presented 
symptoms after a car accident are neck pain and headache. Other symptoms are neck 
stiffness, shoulder pain, arm pain/ numbness, paraesthesia, visual and auditory symptoms 
and dizziness. Patients with WAD grade 1 show neck complaint of pain, stiffness or 
tenderness but no physical signs, whereas WAD grade 2 patients show neck complaint and 
musculoskeletal signs such as a decreased cervical range of motion or muscle tenderness. 
Whiplash grade 1 or 2 is often self-limiting within a few weeks of onset, although the 
course remains unclear and a substantial proportion of the patients develop chronic and 
disabling symptoms.These patients constitute the major burden to health care.
Generally, in whiplash grade 1 or 2 no lesions in anatomical structures can be 
identified and a wide range of (non-evidence based) interventions are provided in 
primary care. The general aim of this thesis was to gain insight into the effectiveness 
of conservative treatment provided by general practitioners and physiotherapists for 
patients with (acute) WAD grades 1 and 2 and to identify possible prognostic factors, 
which are associated with poor whiplash recovery.
Chapter 2 reports on a systematic review of the literature to assess the efficacy of 
conservative treatment in patients with whiplash injuries. Therefore, a computerised 
literature search of MEDLINE, EMBASE,CINAHL, Psych lit, Cochrane Controlled Trial Register 
and the database of the Dutch Institute of Allied Health Care was carried out. Studies 
were selected for inclusion if: (1) the design was a (randomised) clinical trial (RCT); (2) all 
patients had suffered a whiplash-injury; (3) the type of intervention was a conservative 
one; (4) pain, global perceived effect or participation in daily activities were used as one 
of the outcome measures; (5) the publication was written in English, French, German or 
Dutch.
Two reviewers independently assessed the methodological quality of the studies by 
using the Maastricht-Amsterdam list. Three quality scores were calculated using this 
criteria list: the Overall methodological Quality Score, the Internal Validity Score and the 
Delphi Quality Score.The conclusion of the review was based on articles, which scored a
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quality score of at least 50% of the maximum available score on two out of three quality 
scores. Eleven studies met our inclusion criteria.Only 3 studies satisfied at least 50 percent 
on two out of three quality scores indicating poor overall methodological quality. A 
high rank correlation was observed among the three methods of quality. Because of 
heterogeneity of patient selection, interventions and outcome measures, no statistical 
pooling was performed.The results of this review revealed that active treatments such as 
advice to 'maintain usual activities'and multimodal physiotherapy might be effective at 
long-term on at least one of the primary outcome measures, preferably pain.
Chapter 3 reports on a systematic review of prospective cohort studies to assess 
prognostic factors associated with recovery of patients with whiplash injuries. Studies 
were selected for inclusion following a comprehensive search of MEDLINE, EMBASE, 
CINAHL, the database of the Dutch Institute of Allied Health Care and hand searches of 
the reference lists of retrieved articles. Studies were selected if: (1) the objective was to 
assess prognostic factors associated with recovery; (2) design was a prospective cohort 
study; (3) study population included at least an identifiable subgroup of patients suffering 
from a whiplash injury; (4) the paper was a full report published in English,German, French 
or Dutch.Two reviewers independently assessed the methodological quality. A study was 
considered to be of'high quality'ifit satisfied at least 50% of the maximum available quality 
score.Two independent reviewers extracted data and calculated the association between 
prognostic factors and recovery in terms of risk estimates. Fifty papers reporting on 
twenty-nine cohorts were included in the review.Twelve cohorts were considered to be of 
'high quality'. Because of the heterogeneity of patient selection, type of prognostic factors 
and outcome measures, no statistical pooling could be performed. Strong evidence was 
found for high initial pain intensity being an adverse prognostic factor.There was strong 
evidence that for older age, female gender, high acute psychological response, angular 
deformity of the neck, rear-end collision, and compensation not being associated with 
an adverse prognosis. Several physical (e.g. restricted range of motion, high number of 
complaints), psychosocial (previous psychological problems), neuropsychosocial factors 
(nervousness), crash related (e.g. accident on highway) and treatment related factors 
(need to resume physiotherapy) showed limited prognostic value for recovery. We 
concluded that this scientific information about prognostic factors could guide physicians 
or other care providers to direct treatment and probably to prevent chronicity.
Chapter 4 presents the Dutch clinical practice guidelines for the physiotherapy 
management of patients with WAD grade 1 and 2. A clinical practice guideline 
aims to assist physiotherapists in decision-making and to improve the efficacy and 
uniformity of care. We used scientific evidence to develop the content of the guideline, 
although when no evidence was available, consensus between experts was achieved. 
Practicing physiotherapists reviewed the clinical applicability and feasibility of the
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guideline.Their comments were used to improve the guideline. For the diagnostic process, 
we recommended a systematic history taking and physical examination supported by 
reliable and valid assessment tools to document symptoms and disabilities like the Neck 
Disability Index and the Visual Analogue Scale for pain. A quick return to normal activities 
and the prevention of chronicity were set as the primary goals of treatment. Therefore, 
we recommended to use active interventions such as education/advice, exercise 
therapy, training of functions and activities. Because not all diagnostic and therapeutic 
recommendations were evidence based, this guideline might contain some bias. More 
and better research is necessary to validate this guideline in the future.
Chapter 5 presents the design and the dynamic treatment protocol of the randomised 
clinical trial on the effectiveness of general practice care and physiotherapy for patients 
with WAD grade 1 and 2 who still had symptoms or disabilities at four weeks after accident. 
The dynamic treatment protocol has been developed to structure the black box of usual 
multimodal physiotherapy and general practice treatment.
Chapter 6 reports the short-term and long-term results of a randomised clinical trial on 
the effectiveness of general practitioner care and physiotherapy for patients with WAD 
grade 1 and 2. The objective of the study was to compare the effectiveness of general 
practitioner care (education and advice) and physiotherapy (education, advice and active 
exercise therapy) in the treatment of whiplash associated disorders.The primary outcome 
measures were neck pain intensity, headache intensity and work activities. Secondary 
outcome measures included functional recovery, cervical range of motion, disability, 
housekeeping and social activities, fear of movement, coping and general health status. 
We assessed outcomes at 8, 12, 26 and 52 weeks after the accident. 80 patients were 
randomised to either general practitioner care (n=42) or physiotherapy (n=38). At 12 
and 52 weeks, no significant differences were found concerning the primary outcome 
measures. At 12 weeks physiotherapy was significantly more effective than general 
practitioner care for improving cervical range of motion. Long-term differences between 
the groups favoured general practitioner care, but were statistically significant only 
for some secondary outcome measures including functional recovery, coping and 
physical functioning. The use of co-interventions was higher for patients allocated 
to general practitioner care than for physiotherapy. In conclusion, we found no sig­
nificant differences for the primary outcome measures.The long-term effects of general 
practitioner care seem to be better compared to physiotherapy for functional recovery, 
coping and physical functioning. PT is more effective than GP care on cervical range of 
motion at short-term follow-up. A referral for PT seems useful when patients indicate high 
initial neck pain or the aim of treatment is to improve cervical range of motion. However, 
PTs need to pay more attention to the ability to perform activities and the potential 
influence of psychosocial factors on recovery.
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Chapter 7 describes a prospective inception cohort study in a primary care setting of 
patients with WAD grade 1 or 2, using a part of the data obtained from the randomised 
clinical trial reported in this thesis. The objective of the cohort study was to identify prog­
nostic factors for poor recovery in acute whiplash patients. Primary outcome measure 
was functional recovery defined in terms of neck pain intensity or work disability without 
medication use. Secondary outcome measures included neck pain intensity, work 
disability and sick leave. We assessed outcomes at 4, 12 and 52 weeks after accident. 
Prognostic factors were identified by means of logistic regression analyses. In total 125 
patients were included. After one year of the injury 64% of the patients were regarded 
recovered. We found that the factors female gender, a low level of education, high initial 
neck pain, more severe disability, higher levels of somatisation and sleep difficulties were 
significantly related to poor recovery. Neck pain intensity and work disability proved to 
be the most consistent predictors for poor recovery. The diagnostic accuracy of the prog­
nostic models was high, meaning that the models adequately distinguished patients with 
poor recovery from those regarded as recovered. We may conclude that care providers can 
easily identify patients at risk for poor whiplash recovery in their practice. Therefore, we 
recommend to fill-in the Visual Analogue Scale for pain and work related activities.
Chapter 8 summarizes and discusses the main results of the study, including the practical 
aspects of conducting a randomised clinical trial in a primary care setting such as the re­
cruitment of patients. In addition, some of the key methodological issues of the trial and 
systematic reviews are addressed. This chapter concludes with the implications for clinical 
practice and recommendations for future research.
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Samenvatting
Hoofdstuk 1 beschrijft de introductie van dit proefschrift en benadrukt het gebrek aan 
wetenschappelijke onderbouwing van prognostische factoren en behandeleffecten bij 
whiplash. Lange tijd heeft er geen consensus over de definitie van whiplash bestaan. 
De term whiplash werd onder andere gebruikt om het ongevalmechanisme, het letsel 
en de verschillende symptomen te beschrijven. Tegenwoordig is de meest gangbare 
en bruikbare definitie van whiplash afkomstig van de Quebec Task Force on Whiplash- 
Associated Disorders (QTF-WAD). Een whiplash is een acceleratie-deceleratie 
mechanisme waarbij krachten inwerken op de nek. Het treedt op bij (auto-)ongevallen, 
met name bij een aanrijding van achteren of van de zijkant, maar het kan ook het 
gevolg zijn van bijvoorbeeld duiken. Het mechanisme kan resulteren in letsel van bot 
of weke delen (whiplash injury), wat een verscheidenheid aan klinische symptomen 
(Whiplash-Associated Disorders [WAD]) kan veroorzaken. De meest voorkomende 
symptomen zijn nekpijn en hoofdpijn.Ook nekstijfheid,schouder-arm pijn, paresthesieën, 
gehoorproblemen, gezichtsproblemen en duizeligheid komen vaak voor. Patiënten 
met graad 1 WAD vertonen pijn, stijfheid en gevoeligheid in nek, terwijl patiënten met 
graad 2 WAD naast deze symptomen ook objectiveerbare stoornissen in functies, zoals 
bijvoorbeeld een verminderde bewegingsvrijheid van de nek of een verhoogde spier­
spanning vertonen. De prognose van het functionele herstel na een whiplash ongeval 
graad 1 en 2 is over het algemeen gunstig.Ondanks het gunstige beloop blijft uiteindelijk 
een groep mensen over met langdurige klachten na een whiplash ongeval. Juist deze 
mensen vormen een groot probleem voor de gezondheidszorg. Bij de meeste van deze 
mensen zijn geen aanwijzingen voor weke delen letsel aantoonbaar met beeldvormend 
onderzoek. In de gezondheidszorg worden verschillende interventies gebruikt waarvan 
de wetenschappelijke evidentie tot op heden onbekend of'niet evidence-based'is. Het 
hoofddoel van dit proefschrift is het onderzoeken van de effectiviteit van conservatieve 
behandelvormen door de huisarts en de fysiotherapeut bij whiplashpatiënten met WAD 
graad 1 en 2. Daarnaast wordt onderzocht welke prognostische factoren samenhangen 
met vertraagd herstel.
Hoofdstuk 2 betreft een systematisch literatuuroverzicht om inzicht te krijgen in de 
effectiviteit van conservatieve behandelvormen bij whiplashpatiënten. De literatuur 
van dit overzicht is verzameld door het doorzoeken van diversen literatuurbestanden 
(Medline, Embase, Cinahl, Psychlit, Cochrane Controlled Trial Register en de database van 
het Nederlands Paramedisch Instituut).
Klinische trials werden geselecteerd wanneer: (1) de patiënten klachten ondervonden ten 
gevolge van een whiplashtrauma; (2) werden behandeld via conservatieve behandelvor­
men; (3) wanneer pijn, algemeen welbevinden of participatie in dagelijkse activiteiten 
als primaire uitkomstmaat werden gehanteerd. De geselecteerde studies zijn door twee
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onafhankelijke onderzoekers beoordeeld op methodologische kwaliteit volgens de 
Maastricht-Amsterdam lijst. Vanuit deze lijst zijn per studie drie kwaliteitsscores bepaald: 
de algemene methodologisch kwaliteitsscore, de interne validiteitsscore en de Delphi 
kwaliteitsscore. De conclusie van het literatuuroverzicht is gebaseerd op artikelen met een 
kwaliteitsscore van tenminste 50% van de maximaal haalbare score op twee van de drie 
kwaliteitsscores. In totaal voldeden 11 studies aan de inclusie criteria. Over het algemeen 
was de methodologische kwaliteit laag; slechts 3 studies scoorden tenminste 50% op 
twee van de drie kwaliteitsscores. Wegens de heterogeniteit van de behandelvormen is er 
geen statistische pooling uitgevoerd. Uit het literatuuroverzicht bleek een gunstig effect 
op lange termijn voor actieve behandelvormen zoals vroegtijdig advies om actief te 
blijven en multimodale fysiotherapie.
In hoofdstuk 3 wordt een systematisch literatuuroverzicht van prospectieve cohort 
studies gepresenteerd om inzicht te krijgen in prognostische factoren voor herstel bij 
whiplashpatiënten. De literatuur van dit overzicht is verzameld door het doorzoeken 
van diversen elektronische literatuurbestanden (Medline, Embase, Cinahl, database 
van het Nederlands Paramedisch Instituut). Tevens zijn de referenties van getraceerde 
artikelen gecontroleerd op relevante publicaties. Prospectieve cohort studies werden 
geselecteerd wanneer: (1) de studie zich richtte op prognostische factoren voor herstel; (2) 
de onderzoeksgroep tenminste een subgroep whiplashpatiënten bevatte; (3) het artikel 
was gepubliceerd in het Engels, Duits, Frans of Nederlands. De geselecteerde artikelen zijn 
door twee onafhankelijke onderzoekers beoordeeld op hun methodologische kwaliteit. 
Een studie met tenminste 50% van de maximaal haalbare score werd als hoog kwalitatief 
beschouwd.Twee onafhankelijke onderzoekers extraheerden informatie uit de artikelen 
en berekenden associaties tussen diverse prognostische factoren en functioneel herstel 
in termen van relatieve risico's. In totaal werden 50 artikelen die rapporteerden over 29 
cohorten ingesloten in de review. Twaalf cohorten waren van hoge kwaliteit. Wegens 
heterogeniteit van de onderzoeksgroep, type prognostische factoren en uitkomstmaten is 
geen statistische pooling uitgevoerd. Uit de bestevidence synthese bleek een sterk bewijs 
voor hoge pijnintensiteit na het ongeval als prognostisch ongunstige factor voor herstel. 
Verder was er sterk bewijs dat de factoren zoals oudere leeftijd, vrouwelijk geslacht, acute 
psychologische reactie, angulaire standsverandering van de nek, achteraanrijding en 
het indienen van een schadeclaim geen prognostisch ongunstige factoren voor herstel 
zijn. Verschillende lichamelijke factoren (verminderde bewegingsvrijheid van de nek en 
een groot aantal klachten), psychische factoren (preëxistente psychische problemen), 
neuropsychologische factoren (nervositeit), ongevalsgerelateerde factoren (ongeval 
op de snelweg) en behandelingsgerelateerde factoren (behoefte om fysiotherapie te 
herhalen) toonden beperkt bewijs als prognostisch ongunstige factoren voor herstel. 
Deze informatie over prognostische factoren is bruikbaar voor artsen om patiënten met 
een ongunstige prognose voor herstel te selecteren en vroegtijdig actief te behandelen.
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Mogelijk kunnen hierdoor langdurige gevolgen na een whiplashongeval worden 
voorkomen.
Hoofdstuk 4 betreft de KNGF-richtlijn Whiplash. Het doel van deze richtlijn 
is fysiotherapeuten te helpen bij het maken van klinische beslissingen in het 
diagnostisch en therapeutisch proces, en meer uniformiteit in het handelen te krijgen. 
De inhoud van de richtlijn is zoveel mogelijk gebaseerd op het beschikbare wetenschap­
pelijke bewijs. Echter, daar waar geen wetenschappelijke evidentie voorhanden was, is 
consensus tussen experts gebruikt. De klinische bruikbaarheid en toepasbaarheid zijn 
gecontroleerd door praktiserende fysiotherapeuten en hun opmerkingen zijn gebruikt 
om de richtlijn te verbeteren. In het diagnostisch proces adviseert de richtlijn een ge­
structureerde anamnese en een lichamelijk onderzoek uit te voeren ter inventarisatie van 
symptomen en beperkingen in activiteiten/participatieproblemen. Om de bevindingen 
te objectiveren en het handelen te evalueren wordt het gebruik van meetinstrumen­
ten zoals de Neck Disability Index en de Visuele Analoge Schaal voor pijn aanbevolen. 
Hoofddoelen van de behandeling zijn het hervatten van dagelijkse activiteiten en het 
voorkomen van chronische klachten. Hiervoor adviseert de richtlijn actieve interventies 
zoals het verstrekken van informatie, het geven van adviezen en actieve oefenthera­
pie. Aangezien niet alle aanbevelingen in het diagnostisch en therapeutisch proces 
'evidence-based' zijn, is het mogelijk dat de richtlijn enige vertekeningen (bias) bevat. 
Meer en kwalitatief beter onderzoek is dan ook gewenst om de KNGF-richtlijn Whiplash 
te valideren.
Hoofdstuk 5 beschrijft de design en het dynamisch behandelprotocol voor het 
gerandomiseerde klinische onderzoek naar het effect van huisartsgeneeskunde en 
fysiotherapie bij patiënten met WAD graad 1 en 2. Dit dynamisch behandelprotocol is 
ontwikkeld om meer structuur en inhoud aan te brengen in het fysiotherapeutische en 
huisartsgeneeskundige handelen.
In hoofdstuk 6 worden de korte- en lange-termijn resultaten van het gerando­
miseerde klinische onderzoek naar het effect van huisartsgeneeskunde (voorlichting 
en advies) en fysiotherapie (voorlichting, advies en actieve oefentherapie) 
beschreven bij patiënten met WAD graad 1 en 2. Het doel van het onderzoek was 
nagaan of er een verschil in effect bestaat tussen behandeling door de huisarts en 
behandeling door de fysiotherapeut. De primaire uitkomstmaten van het onderzoek 
waren nekpijn intensiteit, hoofdpijn intensiteit en werk activiteiten. Als secundaire 
uitkomstmaten zijn gekozen functioneel herstel, bewegingsvrijheid van de nek, 
beperkingen in dagelijkse activiteiten, huishoudelijke en sociale activiteiten, angst voor 
bewegen,coping en de algemene gezondheidstoestand van de patiënt. De korte-termijn 
effecten werden 12 weken na het ongeval gemeten. De lange-termijn effecten zijn 52
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weken na het ongeval bepaald. In totaal zijn 80 patiënten middels loting verdeeld over 
de twee behandelgroepen.Tweeënveertig patiënten ontvingen huisartsgeneeskunde en 
38 patiënten fysiotherapeutische behandeling. Voor de primaire uitkomstmaten waren 
op korte- en lange-termijn geen significante verschillen tussen de groepen aantoon­
baar. Fysiotherapie was echter effectiever dan huisartsgeneeskunde ter verbetering van 
de cervicale rotatie bewegingsvrijheid op korte-termijn. Huisartsgeneeskunde bleek 
op lange-termijn effectiever dan fysiotherapie. Slechts voor een aantal secundaire 
uitkomstmaten (functioneel herstel, coping en fysiek functioneren) waren significante 
verschillen tussen de groepen aanwezig. Patiënten in de huisartsgroep ontvingen meer 
co-interventies dan patiënten in de fysiotherapie-groep. Geconcludeerd kan worden 
dat er geen significante verschillen op de primaire uitkomstmaten zijn. De lange-termijn 
effecten van behandeling door de huisarts lijken gunstiger dan voor fysiotherapie op 
de uitkomstmaten functioneel herstel, coping en fysiek functioneren. Op korte-termijn 
is fysiotherapie effectiever dan huisartsgeneeskunde ter verbetering van de cervicale 
bewegingsvrijheid. Een verwijzing voor fysiotherapeutische behandeling lijkt zinvol 
wanneer whiplashpatiënten direct na het ongeval veel nekpijn aangeven of wanneer 
het doel van de behandeling het verbeteren van de cervicale bewegingsvrijheid is. Het 
is voor fysiotherapeuten aanbevelenswaardig tijdens de behandeling meer aandacht te 
schenken aan activiteiten en psychosociale factoren voor herstel.
Hoofdstuk 7 beschrijft een prospectief inceptie cohort onderzoek in de eerste-lijn 
waarbij een deel van de data van de eerder beschreven RCT is gebruikt. De doelstelling 
van het onderzoek was prognostische factoren te identificeren voor vertraagd herstel bij 
acute patiënten met WAD graad 1 en 2. De primaire uitkomstmaat van het onderzoek 
was functioneel herstel. De secundaire uitkomstmaten betroffen nekpijn intensiteit, 
beperkingen in werk gerelateerde activiteiten en werkverzuim. De uitkomstmaten 
werden 4,12 en 52 weken na het ongeval gemeten. Door middel van vooraf opgestelde 
logistische regressiemodellen werden de prognostische factoren geïdentificeerd. In 
totaal werden 125 whiplash patiënten geïncludeerd in het cohort onderzoek. Eén jaar na 
het ongeval was 64% van de patiënten hersteld. De resultaten toonden dat de factoren: 
vrouw, laag opleidingsniveau, hoge nekpijn intensiteit, meer beperkingen in werk 
gerelateerde activiteiten, somatisering en slaapproblemen waren geassocieerd met een 
vertraagd herstel. De meest consistente prognostische factoren voor vertraagd herstel 
waren hoge nekpijn intensiteit en meer beperkingen in werk gerelateerde activiteiten. 
De predictieve waarde van de prognostische modellen was hoog. Dit betekent dat 
de modellen patiënten met een vertraagd herstel adequaat kunnen onderscheiden 
van patiënten met een goed herstel. Voor artsen en fysiotherapeuten is dit eenvoudig 
uitvoerbaar in de praktijk. Hiervoor is het aanbevelenswaardig in het diagnostisch proces 
een Visuele Analoge Schaal voor nekpijn en werkactiviteiten in te vullen. De modellen 
dienen ook in ander whiplash populaties te worden gevalideerd.
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Samenvatting
In hoofdstuk 8 worden de belangrijkste resultaten van dit proefschrift samengevat en 
besproken. Ook wordt ingegaan op de praktische aspecten van het uitvoeren van een ge­
randomiseerde klinisch onderzoek in de eerste-lijn. Daarnaast worden enkele belangrijke 
methodologische punten van het onderzoek en de systematische literatuuroverzichten 
besproken. Het hoofdstuk sluit af met de implicaties voor de klinische praktijk en enkele 
aanbevelingen voor toekomstig onderzoek.
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Dankwoord
Eindelijk, het boekje is af! Ook voor mij is dit een hele opluchting. Het spreekwoord 'de 
laatste loodjes wegen het zwaarst, kan ik dan ook volmondig bevestigen. Wat duurden die 
laatste weken lang. Het leek wel of er nooit een einde aan mocht komen. Voorlopig geen 
vragen meer over dat whiplashonderzoek of de afronding van het proefschrift. Heerlijk! 
Het is hoog tijd voor een dankwoord.
Om te beginnen wil ik mijn beide copromotoren A. Verhagen en E. Hendriks van harte 
bedanken. Dr. Verhagen, beste Arianne, zonder jouw hulp was dit nooit gelukt. Wat ben ik 
blij dat ik jou eind 1998 heb ontmoet, en hoe!! Onafhankelijk van elkaar waren we bezig 
met een systematische review over de behandeling bij whiplash. Omdat ik een aantal 
vragen had over de Amsterdam-Maastricht lijst kreeg ik jouw telefoonnummer. Al mijn 
vragen wist je vriendelijk doch zeer kortdaad te beantwoorden. Aan het einde van dit 
gesprek vroeg je welk onderwerp mijn review eigenlijk betrof. Nou, whiplash. Daar bleek 
je toen zelf ook mee bezig te zijn. We hebben onze krachten gebundeld en zijn samen 
verder gegaan. Je eerste (hand geschreven) brief verbaasde me enigszins. Dit handschrift 
kende ik ergens van. Na even denken wist ik het: het referenten commentaar van mijn 
allereerste 'wetenschappelijke' artikel voor het Nederlands Tijdschrift voor Fysiotherapie. 
Een vergelijkend onderzoekje bevestigde mijn vermoeden. Dit was de persoon die mijn 
eerste artikel had afgewezen. Terugkijkend moet ik je helemaal gelijk geven. Ik heb veel 
van je geleerd en zou een dergelijk artikel zo nooit meer durven aan te bieden. Met veel 
enthousiasme heb je mijn proefschrift in juiste banen geleid. Je wist hoofdzaken en 
bijzaken altijd perfect van elkaar te scheiden, en de methodologie netjes toe te passen. 
Dank voor de snelheid waarmee je mijn artikelen duidelijk en vaak kleurrijk van commen­
taar voorzag. Ik hoop dat we in de toekomst nog vaker met elkaar mogen samenwerken 
en samen leuke reisjes in het (buiten)land kunnen blijven maken.
Dr. Hendriks, beste Erik, duizendpoot, chaoot en redder in de nood. Ook voor jou een 
speciaal woord van dank. Ondanks al jouw drukke bezigheden, wist jij op het juiste 
moment in te springen. Je zorgde voor een belangrijk omslagpunt in het onderzoek. 
Sinds jouw deelname is de vaart erin gekomen. Met je enthousiasme en liefde voor de 
fysiotherapie initieerde je inspirerende discussies. We hebben elkaar vaker achter de 
broek gezeten en vele avond uurtjes moeten werken om de elkaar opgelegde deadlines 
te kunnen halen. Maar, het is gelukt!
Vanzelfsprekend wil ik ook mijn promotor, Prof. dr. Oostendorp danken voor de 
mogelijkheden die ik op het Nederlands Paramedisch Instituut heb gekregen bij het 
onderzoek. Beste Rob, jij hebt me de kans gegeven om wetenschap en praktijk te 
combineren en het onderzoek met een proefschrift af te ronden. Jouw enthousiasme en 
hart voor de fysiotherapie en manuele therapie is aanstekelijk. Je ervaring op het gebied 
van fysiotherapie en whiplash waren belangrijk bij het onderzoek. Ik waardeer jouw brede 
paramedische kennis, inzet en je uithoudingsvermogen.
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Ook zonder de inzet van het whiplashteam, bestaande uit Karin Neeleman-van der Steen, 
Jannie Versteeg, Harry Hoevenaars, Nol Bernards, Ria Wams, Lonneke van Berkel en John 
Hurkmans had ik het niet gered. Ondanks de soms drukke en lange werkdagen, bleven 
jullie enthousiast en alert. Geweldig!
Karin, paranimf, je bent een voorbeeldige collega en lieve vriendin. Met jou werken is een 
genot. Jouw creativiteit, computerkennis en geduld waren voor mij een groot genoegen. 
Je hebt me veel geleerd en het freubel-werk (waar ik een hekel aan had) uit handen 
genomen. Door onze verschillende karakters en interesses vulden we elkaar mooi aan. 
Belangrijke mijlpalen in ons leven hebben we gedeeld. Dat jij mijn bruidsboeket hebt 
gevangen, én daarna bent getrouwd was prachtig. Ik heb je gemist in de periode dat je 
met zwangerschapsverlof was. Jannie, om met jou en Karin een kamer te delen was een 
feest. Iedere dinsdagochtend stond het kopje koffie al klaar en wasje vol verhalen.Tijdens 
deze gezellige verhalen wist je ook nog eens hard door te werken en alle data (met weinig 
fouten) in te voeren. Nooit was iets teveel voor je, dank je wel!
Beste Harry en Nol, dank voor jullie medisch onderzoeken uitvoerige informatie aan de 
whiplashpatiënten.De patiënten waren erg onder de indruk van jullie kwaliteiten en wisten 
jullie nog lang te herinneren. Harry, ik heb altijd met heel veel plezier samen met je in de 
praktijk in Uden gewerkt, en was dan ook blij dat jij één van onze arts-onderzoekers wilde 
zijn. Zelf zag je het als de afsluiting van je eigen carrière en het begin van mijn carrière. 
Maar die afsluiting van jou zie ik toch niet zo zitten. Je bent een groot voorbeeld voor me. 
Als alle huisartsen hun patiënten zo gerust konden stellen als jij, hadden ze het nog beter 
gedaan in de trial.
Lonneke, dank voor je hulp in drukke perioden of perioden van afwezigheid van Karin 
of mij. Ondanks dat je in Amersfoort woonde, maakte je er nooit een probleem van om 
een patiënt in Nijmegen of Arnhem te testen. Ook voor de minst leuke klussen zoals de 
telefonische enquêtes stond je altijd voor ons klaar.
Ria, jou wil ik in het bijzonder bedanken voorde rechtlijnigheid waarmee je het onderzoek 
in de tijd hebt begeleid. Het is niet altijd de leukste klus voor je geweest. Dank voor jouw 
hulp bij de communicatie tijdens het project.John,ookal heb je ons vroegtijdig verlaten, je 
bijdrage aan de opzet van het onderzoeken de eerste patiëntenmetingen was aanzienlijk. 
We hebben genoten van je droge humor en aanwezigheid. Als laatste van het team wil ik 
Dianne bedanken, zonder jou was het niet zo bevredigend geweest om het einde te halen. 
De voldoening is groter naarmate het traject moeilijker is.
Verder wil ik Daniëlle van der Windt bedanken voor het beantwoorden van al mijn vragen 
over statistiek en methodologie. Je was mijn externe helpdesk en rots in de branding. 
Door de adviezen van jou en je huisstatistici op het EMGO ben ik in staat geweest de 
juiste analyses te kiezen en te doorgronden. Lang leve de e-mail! Al moet ik zeggen dat de 
bijeenkomsten in den lande ook heel inspirerend, leerzaam en gezellig waren. Met frisse 
moed kon ik altijd weer verder. Als ikdriecopromotoren zou mogen hebben, was jij zeker 
die laatste! Je hebt me fantastisch geholpen.
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De begeleidingscommissie en werkgroep, bestaande uit drs. H. Elvers, mw. drs. A. Evers, 
dr. A. Keyser, mw.dr. H. Kortschot, mw. H. Smit-Filarski, dr. W. Verhagen, drs. A. Verhoeven, 
dr. H. Visée, Prof.dr. Th. Voorn, drs. P. van der Weerd, drs. P. Wijk en Prof.dr. J. Dekker wil ik 
danken voor hun deskundig advies en hun stimulerende woorden tijdens de rekrutering 
van de patiënten.
Dit brengt me tot het bedanken van de deelnemende patiënten, fysiotherapeuten, 
huisartsen, EHBO-artsen van het Canisius Wilhelmina Ziekenhuis in Nijmegen, het 
Rijnstate Ziekenhuis in Arnhem en het Ziekenhuis Rivierenland in Tiel. Zonder inclusie- 
artsen geen patiënten en zonder patiënten geen onderzoek! Dank voor jullie extra tijd 
en inspanning bij de patiënten-rekrutering tijdens de al zo drukke werkdagen. Mijn petje 
af voor alle patiënten die vijf keer naar de meetlocaties zijn gekomen en daarnaast thuis 
nog vragenboekjes hebben ingevuld. Met hoofdpijn, nekpijn en concentratieproblemen 
zal dit niet altijd eenvoudig zijn geweest! Behandelaars, fysiotherapeuten en huisartsen, 
mijn dank voor jullie inzet en werkwijze volgens het protocol is groot. Ook de afdeling 
fysiotherapie van de Braamberg in Arnhem, het Catharina Ziekenhuis in Eindhoven, 
Canisius Wilhelmina Ziekenhuis en het Universitair Medisch Centrum St. Radboud in 
Nijmegen, Gelre Ziekenhuis locatie Juliana in Apeldoorn, Ziekenhuis Gelderse Vallei in 
Ede, ElkerliekZiekenhuis in Helmond, Jeroen Bosch Ziekenhuis in Den Bosch, Rivierenland 
Ziekenhuis in Tiel, TweeSteden Ziekenhuis in Tilburg en Waalwijk en het RugCentrum in 
Uden wil ik hartelijk danken voor het ter beschikking stellen van een meetruimte, de 
gastvrijheid en vriendelijkheid waarmee we telkens werden ontvangen. Mede door jullie 
flexibiliteit hebben we zo weinig uitvallers.
De manuscriptcommissie,Prof.dr.C.van Weel, Prof.dr. J.A. Groten huis, Prof.dr. F.W. Kraai maat, 
Prof.dr.ir. H.C.W. de Vet, Dr.A. de Wijer wil ik bedanken voor het lezen, beoordelen, maar 
vooral goedkeuren van mijn proefschrift.
Alle (ex)-collega's van het Nederlands Paramedisch Instituut, en in het bijzonder Trudy, 
Mariëtte, Ingeborg, Iris, Machteld, Karin L en Kuup wil ik bedanken voor hun hulp bij de 
dataopschoning, computerondersteuning, gezelligheid en belangstelling in goede en 
minder goede tijden.
Hoewel niet direct betrokken bij mijn proefschrift ben ik ook dank verschuldigd aan 
mijn collega's van het RugCentrum Uden en de Vrije Universiteit Brussel. Henri, Harry, 
Jan, Vincent, Mendy, Dian, Mieke en Evelien, dank voor jullie aanmoedigingen tijdens 
het onderzoek en jullie hartelijkheid. Henri, jij hebt voor mij de weg open gelegd naar 
de wetenschap hoewel je me liever niet (gedeeltelijk) weg zag gaan uit de praktijk. Mijn 
waardering hiervoor is groot.
Ook mijn collega's van de Vrije Universiteit Brussel, afdeling ManueleTherapie, Peter van R, 
Rob,ErikC,Willem,Raymond,Ilse,Luc,lvan,Olaf,Eric B,PeterVen Christoph ben ikdankbaar 
voor de plezierige samenwerking en hun vakkundigheid. Er zijn niet veel gekken die op 
vrijdagavond vakgroepvergadering houden,en dan ook nog allemaal aanwezig zijn!
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Vrienden en familie, bedankt voor jullie steun, belangstelling en afleiding. Door jullie 
heb ik geleerd te relativeren, en niet altijd perfectionistisch te zijn. Een paar mensen 
wil ik graag in het bijzonder bedanken. Carolijn, Tjitske en Alexander, vanaf nu zal het 
gemakkelijker zijn om een gezellig afspraakje te plannen! Ingeborg, niet alleen als 
vriendin, ook als deelnemend huisartsen tegenwoordig ook buurvrouw was je betrokken 
bij ons en het onderzoek. Het is fijn om samen vreugde en verdriet te kunnen delen.
Lieve vader en moeder Scholten, ik weet dat jullie je wel eens zorgen om mij maakten en 
om ons drukke leventje. Ook al hebben jullie dit nooit met zoveel woorden uitgesproken. 
Nu het'werk'af is kan ikzeggen dat deze zorgen niet meer nodig zijn.Mijn dank voor jullie 
medeleven en ondersteuning is groot.
Rifka en Kim, als drie zussen én promovendi begrepen we als de beste dat je soms 
helemaal geen zin hebt om over het wel en wee van je onderzoek te praten. Aan één 
woord hadden we genoeg. Veel succes met (de afronding van) jullie proefschriften. Ik ben 
toch blij dat ik als oudste ook hiermee de eerste ben!
Opa en oma's, ik vind het fantastisch dat ik zolang van jullie mag genieten. Het is altijd 
heerlijk om jullie weer te zien ofte horen. Jullie zijn een groot voorbeeld voor ons.
Lieve opa, al mijn artikelen heeft u stuk voor stuk kritisch doorgenomen. Een hele map 
heeft u aangelegd. Al vanaf het begin van mijn promotie stond voor mij vast dat u mijn 
paranimf zou zijn. In de afgelopen periode dat u ernstig ziek was, heb ik geprobeerd het 
onderzoek te bespoedigen zodat u er toch bij kon zijn. Nu het af is, en u weer voor een 
groot deel hersteld bent, ben ik trots te kunnen zeggen dat u mijn paranimf bent!
Lieve papa en mama, jullie steun en vertrouwen is onbeschrijflijk! Alle hoogtepunten en 
dieptepunten hebben jullie van dichtbij meegemaakt. Ook al vroegen jullie je wel eens af 
waarom ik dit nou allemaal zo nodig wilde, jullie steun was onvoorwaardelijk. Veel dank 
voor de opvang van Gijs (met culinaire verrijking), maar vooral voor jullie warmte en 
liefde.
Tot slot gaan mijn laatste woorden van dank uit naar Bart en Gijs. Lieve Bart, het feit dat 
het proefschrift nu af is, is mede te danken aan jou. Als geen ander heb je me gesteund en 
aangemoedigd te promoveren. Nooit heb je gemopperd als ik weer eens een avond aan 
het werk was, of me thuis op jou afreageerde. Integendeel, je hielp me als mijn computer 
weer eens raar deed (of zoals jij het altijd zegt: 'jij hebt iets verkeerds gedaan want 
computers doen niet raar'), en je maakte ingewikkelde spreadsheets voor berekeningen. 
Daarnaast was je altijd bereid te luisteren naar mijn (soms lange) whiplash-verhalen en 
voorzag je me van duidelijk en goed advies. Bart, mijn dank hiervoor is groot! In de loop 
van het onderzoek is Gijs erbij gekomen en is 'Teun' (zoals we je in de buik noemen) in 
aantocht. Gijsje, jouw aanwezigheid heeft me doen beseffen hoe relatief werk eigenlijk is. 
Je vrolijke lach en je ontwapenende oogjes zorgden direct voor de nodige afleiding. Jullie 
zijn onmisbaar voor mij.
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